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DUDLEY OBSERVATOKY. 



The establishment of this Institation wbs first proposed in 
1851, by Dr. Jakes H. Abksby. The plan was submitted 
to Thomas W. Olcott, Esq., who was the first to promise 
aid to the enterprise. Prof. Amos Deax became interested 
in the project, and wrote to Prof. O. M. Mitchbl of 
Cincinnati, for advice and cooperation. 

PROFESSOR MITCHEL'S REPLY. 

CiNCMTNATi, June 2Sthy 1851. 

Dbak Sib: I have received your letter concerning the proposed 

Observatory at Albany. K I were in a situation to give my entire 

time to the enterprise, nothing could give hub greater pleasure. But 

my duties and engagements here absorb all my time and efforts. 

T could be of little service to you, with my workshop and 
instruments a thousand miles away. If I had control of such an 
Observatory as you propose to build, with the improved instru- 
ments and machinery, I think great progress could be made in 
this department of progressive science. m * * 

K my life is spared until the meeting of the Association in 
August, I shall hope to meet you and confer more fully on 
this subject. O. M. MITCHEL. 

Prof Amos Dean. 

On the receipt of Prof. MiroErasL's letter, a subscription 
was opened, and Messrs. Thomas W. Olcott, William 
H. Dbwitt and Ezba P. Prentice, each subscribed 
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$1,000. Mr. Olcott then presented the plan for the 
establishment of an astroDomical observatory to Mrs. 
Blandika Dudley, widow of the late Hon. Chajelles 
E. Dudley. Mrs. Dudley, with a just appreciation of 
the object, at once subscribed the sum of $12,000; in 
consideration of which, the trustees unanimously resolved 
to give the name of Dudley Obsebvatoby to the insti- 
tution. After this liberal subscription the sum of $25,000 
was soon secured in this city. 

The act of incorporation was granted by the Legislature 
in March, 1352. Prof. Mitghel selected the site, and 
General Stephen Van Eensselaeb donated the land 
on which the Observatory building was erected. The 
trustees have since, purchased additional land, amounting 
in all to about eight acres. 

The building was completed in 1854, from plans fur- 
nished by Prof. Mitchel. Mrs. Dudley made an 
additional donation of $13,000 for instruments, which gave 
a new impetus to the enterprise. Mr. Olgott made 
another donation of $10,000, Mr. J. F. Eathbone of 
$5,000, and Mr. Wm. H. Dbwitt of $3,000. Other liberal 
subscriptions were received from patrons of science, in 
different parts of the country, whose names will be found 
in the appendix. 

The Institution was inaugurated on the 28th of August, 
1856, at the meeting of the American Association for the 
Advancement of Science. 

The Eulogy on Mr. Dudley was delivered by Wash- 
ington Hunt, and the inaugural address by Edward 
Everett. 

On that occasion Mrs. Dudley made another donation 
of $50,000, for a permanent endowment; and, in her 
last will, made a bequest (not yet received) of $30,000 
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additional, for the same object. Mrs. Dudley's donations, 
including the bequest, amount to $105,000. The aggregate 
cash donations exceed $150,000, secured mainly through 
the i>ersonal efforts of Mr. Oloott and Dr. Abmsby. 
About $100,000 has been expended on the buildings, 
instruments, grounds, and other objects, and $50,000 has 
been safely invested as a permanent fund for the support 
of the Institution. 
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EULOGY 



HON. CHARLES E. DTJDLEY. 



BY WASHINGTON HUNT. 



EULOGY. 



The inauguration of two institutions of science at the 
capital of one State — yesterday the Geological Hall, to-day 
the Dudley Observatory — is an event of no ordinary interest. 
Who does not rejoice in contemplating a spectacle, so honor- 
able to the country, so cheering to the friends of learning 
and social progress? When viewed in connection with the 
proceedings of the last week — the welcome presence and 
instructive deliberations of the American Association for the 
Advancement of Science; the occasion assumes a national 
dignity and importance, and deserves to be celebrated as an 
epoch in the history of American science. 

The gradual advancement of our country in intellectual 
culture becomes an object of profound interest to every mind 
capable of appreciating the influence of knowledge upon the 
happiness and destiny of mankind. Every new agency by 
which the boundaries of science are enlarged and the light 
of philosophy more widely diffused, is welcomed with grati- 
tude as a tribute to civilization, and the revelation of a 
latent power to gain fresh conquests in the domains of truth. 
The State of New-York, true to the spirit of the motto 
inscribed on her shield, has been distinguished from an early 
period in our history for enlightened efforts to elevate the 
moral and intellectual condition of her people. We point 
with pride to the magnificent works by which physical 
barriers have been surmounted, intercourse unfettered, 
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commerce expanded, and all the sources of internal pros- 
perity warmed into life and activity; and we honor the 
memory of the statesmen by whose wisdom and energy 
these grand results were accomplished. But be it remem- 
bered that while thus securing a rapidity of material growth 
and progress to which history scarcely affords a parallel, we 
have not been indifferent to the moral and intellectual 
elements whose harmonious development constitutes the 
true glory of a state, and entitles it to rank among refined 
and cultivated nations. 

By judicious and liberal legislation we have perfected a 
system of popular education which brings the means of 
mental improvement within the reach of all the children 
of the commonwealth, even the most obscure and destitute. 
Institutions designed to advance the higher branches of 
science and learning have been wisely multiplied, and 
encouraged from time to time by endowments from the 
public resources. But legislation alone is not sufficient to 
impart vitality and vigor to a system of education, however 
perfect the skill displayed in its theory and structure. To 
insure success individual aid and cooperation are indis- 
pensable. Happily for the cause of learning this important 
requisite has not been withheld. Generous and enlightened 
men have stepped forward with an ardor, which cannot be 
too gratefully acknowledged, to second the efforts of the 
State, and give effect to its aspirations for higher intellectual 
development. 

I consider it alike fortunate for the welfare of the State, 
and honorable to its fame, that here at the capital, in this 
ancient city of Albany, we have had a body of cultivated 
scholars and munificent citizens, of whom any country 
might be proud, zealously devoted to the cause of letters 
and science, and active in promoting the increase and 
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diffusion of knowledge. By their public spirit and well 
directed exertions, they have excited an interest in the work 
of education which is already yielding a rich and prefeions 
harvest. To them are we indebted for the first foundations 
of an univOTsity designed to embrace within the ample 
sphere of its operations the entire circle of scientific 
inquiries; an institution which is generally conceded to 
be the great intellectual need of our country. From the 
progress already made in this design, we may safely antici- 
pate its complete success at no distant period. It is truly 
a noble effort, worthy of generous minds which find their 
highest happiness in promoting the welfare of their fellow- 
men. I trust they will not grow weary in the work until 
they shall have consummated the great object of their 
labors. Eegardlng them as public benefactors in the most 
exalted sense, I must avail myself of this opportunity to 
express to them my gratitude for the benefits they have 
conferred upon society. 

My chief aim in appearing before you on the present 
occasion, is to oflter a grateful tribute to the memory of 
one who has gone to his rest, and whose name stands 
conspicuous among the names of the honored dead who, 
by their virtues and services, adorned the historic annals 
of our State* Ohajrles E. Dudley was a man whose 
sterling merits would have insured a high place among the 
first citizens of Greece or Some, in the virtuous age of 
either republic, when integrity and patriotism were the only 
passport to popular eminence. 

Before proceeding to enlarge upon his character, i)ermit 
me to observe that he was the friend of my youth, and that 
many years of intercourse, during which it was my good 
forttme to receive numerous proofe of his kindness, gave 
him a strong hold upon my affections. I was indebted 
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to him for wise counsels, for generous patronage, and 
above all for a bright example of manliness and honor 
which animated his whole life and condact. The memory 
of these personal relations revives in my breast feelings of 
gratitude and devotion which time cannot extinguish. Mr. 
Dudley's career presented a beautiful illustration of the ele- 
vating tendency of our free American institutions. Nature 
had endowed him with a clear, vigorous intellect, and high 
moral susceptibilities. These characteristics were strength* 
ened by timely culture and the purest social influences. In 
early life he enjoyed unusual advantages for foreign travel, 
and became conversant with the manners and ' institutions 
of other countries. The principle| of commerce, in its 
grand relations to the public wealth and prosperity, and as 
a peaceful agency of human progress and civilization, 
became his favorite subject of investigation. While his 
acquirements were varied and extensive, he made himself 
specially familiar with the history of commerce and naviga- 
tion in ancient and modern times; with the causes which 
affect their growth and decline ; with the practical working 
of the commercial systems adopted by different nations; 
and his rich stores of information on these subjects enabled 
him to render important service to the commercial interests 
of his own country. His attainments in this department of 
political economy, and a remarkable faculty for discrimina- 
tion in deducing from general theories safe practical con- 
clusions, with reference to> the actual condition of affairs, 
qualified him to discuss some of the most difficult questions 
of commercial policy with a convincing clearness of eluci- 
dation. In my intercourse with the world, I have rarely 
met a statesman whose knowledge on this class of subjects 
was more complete, or whose observations were more 
comprehensive and profound. 
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After devoting some years to the pursuits of commerce, 
in which his labors were rewarded by abundant success, 
Mr. Dudley retired from active business and became a 
citizen of Albany, where he was allied by marriage with 
one of its most respected and influential families. Among 
the people of this city, where he passed the remainder of 
his days, aud where his honorable discharge of duty in 
every relation of life made him "observed of all observers/' 
it would seem unnecessary to dwell upon the virtues 
which adorned his character, and elicited repeated express 
sions of public regard and confidence. 

In a community so appreciative of merit, it was impos- 
sible that such a man should remain in tranquil retirementv. 
From time to time he was called by his fellow-citizens to* 
stations of eminent dignity and importance, and he never 
failed to discharge his trust with fidelity and capacity. 
He was chosen more than once to preside over the 
municipal administration of this city, as its chief magis- 
trate; and in this position he rendered services which are 
still remembered with gratitude. As a member of the 
Senate of New York he identified his name with beneficent 
measures which have contributed largely to the intellectual 
progress and material prosperity of the State. In him 
our system of internal improvements found a firin and' 
enlightened supporter. He was an effective advocate of 
the Erie Canal at a time when that magnificent under- 
taking was denounced as visionary, and its completion 
placed in jeopardy by a strong and determined opposition. 
But I regard it as his highest merit as a legislator for 
the State, that he was a zealous and constant friend 
of the cause of education. Every measure calculated to 
diffuse the blessings of knowledge, whether by the exten>^ 
sion of our common school system^ or the- creation of new 
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institutions of learning, lec^ved from him an earnest and 
powerful support. 

At a subsequent period Mr. Dudlby was elected to a 
seat in the Senate of the United States; a station which 
he filled with honor to himself and advantage to the 
country. He was one of the most dignified and respected 
members of that body at a time when Olay and Wbbsxbb 
and Oalhouk gave lustre to the senatorial office. On 
questions affecting the commercial interests of the country, 
his thorough knowledge of the laws of trade gave an 
important weight to his opinions. As a Senator, he was 
distinguished among his peers for ripe intelligence, true 
patriotism, and a spirit of candor which inspired confi- 
dence in the rectitude of his motives and the soundness 
of his judgment It frequently occurs that these sterling 
qualities are of more value to the country in its legis** 
lative bodies, than the most brilliant displays of impassioned 
eloquence. It was Mr. Dudlby's fortune to act a prom* 
inent part on the stage of public events, in times of intense 
political excitement Though decided in his opinions, 
adhering always to his avowed principles with unyielding 
firmness, party spirit never ventured to assail the integ- 
rity of his conduct, or to question the purity of his 
intentions. He cherished warm political attachments, yet 
was he no partisan, in the ordinary sense. If he loved 
OaBsar much, he loved Bome more, and regarded the 
welfare of his country as paramount to the interests of 
any party. 

On several occasions he exhibited a lofty spirit of inde- 
pendence, in defiance of the most powerful political 
influences. In every relation, public and private, he was 
governed by a controlling sense of justice, and discharged 
his duty with that true moral courage which rejects all 
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iear, except the fear of doing wrong. His personal deport- 
ment exhibited that blending of dignity and courtesy 
which inspires a mingled sentiment of homage and 
affection. In all the intercourse of life he displayed a 
refined sense of propriety. Naturally modest and retiring, 
he avoided no duty, and shrank from no responsibility 
which a statesman or a citizen can be justly required to 
assume. He sought no prominence, but accepted the 
honors which were conferred upon him as a trust for 
the benefit of his fellow-men. 

This is a brief and imperfect outline of the character 
and career of Charles B. Dudley. Fifteen years have 
passed away since he departed this life, loved by all who 
knew him and most by those who knew him best, honored 
by his fellow-citizens, and mourned by the country which 
he had so faithfully served. By the blessing of Providence, 
his beloved and venerable widow, the partner of his joys 
and sorrows, and the object of his fondest affections, still 
survives. To her bereaved spirit, during the long period 
of her loneliness, the recollection of his virtues and life- 
long devotion to her happiness, and the hope of reunion 
in the realms of immortal felicity, have been a source of 
unfailing consolation. 

** lake lamps in eastern sepalchres, 
Amid mj heart's deep gloom, 
Affection sheds its holiest light 
Upon mj husband's tomb ; 
And as those lamps, if brought once more 
To upper air, grow dim. 
So mj soul's love is oold and dead 
Unless it glow for him." 

To her has been reserved the pious office of rearing an 
appropriate monument to his memory. How generously, 
how nobly this sacred duty has been performed, will be 
recorded and remembered during all future time! The 

3 
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recollection of her constancy and munificence will be cher- 
ished by coming generations until the earth shall give up its 
dead. Her tribute of affection to a departed husband is a 
graceful offering upon the altar of science and troth. In 
preparing a sepulchre and raising a tomb to perpetuate his 
memory, she has built an edifice which points to- the 
heavens, and created an instrumentality which shall unfold 
the mysteries of the spheres and display the wonders of the 
firmament to mortal vision. By rendering this suitable and 
deserved honor to his fame, she has immortalized her own. 
The Dudley Observatory will forever associate the names 
of both with the highest glories of science, and the most 
exalted manifestations of beneficence. 
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DISCOURSE. 



Pbllow-citizens op Albany: 

Assembled as we are under your auspices in tbis ancient 
and hospitable city, for an object indicative of a highly 
advanced stage of scientific culture, it is natural in the first 
place to cast an historical glance at the past. It seems 
almost to surpass belief, though an unquestioned fact, that 
more than a century should have passed away, after Oabot 
had discovered the coast of North America for England, 
before any knowledge was gained of the noble river on 
which your city stands, and which was destined by Provi- 
dence to determine in after-times the position of the com- 
mercial metropolis of the continent. It is true that 
Yerazzano, a bold and sagacious Florentine navigator in 
the service of France, had entered the Narrows in 1524, 
which he describes as a very large river, deep at its 
mouth, which forced it^ way through steep hills to the sea. 
But, though he, like most of the naval adventurers of that 
age, was sailing westward in search of a shorter passage to 
India, he left this part of the coast without any attempt 
to ascend the river; nor can it be gathered from his 
narrative that he believed it to penetrate far into the 
interior. 

Near a hundred years elapsed before that great thought 
acquired form and substance. In the spring of 1609, the 
heroic but unfortunate Hudson, one of the brightest names 
in the history of English maritime achievement, but then in 
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the employment of the Dutch East India Company, in a 
vessel of eighty tons, bearing the very astronomical name 
of the " Half-moon," having been stopped by the ice in the 
Polar Sea, in the attempt to reach the East by the way of 
Ifova Zembla, struck over to the coast of America in a 
high northern latitude. He then stretched down south- 
westwardly to the entrance of Ohesapeake Bay, (of which 
he had gained a knowledge from the charts and descriptions 
of his friend, Oapt. Smith,) — thence returning to the North, 
entered Delaware Bay, — standing out again to sea arrived 
on the 2d of September in sight of the ''high hills" of 
Neversink, pronouncing it '' a good land to fall in with, and 
a pleasant land to see," and on the following morning, 
sending his boat before him to sound the way, passed 
Sandy Hook, and there came to anchor, on the third of 
September, 1609 ; two hundred and forty-seven years ago, 
next Wednesday. What an event, my friends, in the his- 
tory of American population, enterprise, commerce, intelli- 
gence and power, — the dropping of that anchor at Sandy 
Hook! 

Here he lingered a week, in fiiendly intercourse with the 
natives of New Jersey, while a boat's company explored 
the waters up to Newark Bay. And now the great ques- 
tion. Shall he turn back like Ybbajzzano, or ascend the 
stream? Hudson was of a race and in an employ, not 
prone to turn back, by sea or by land. On the 11th of 
September, he raised the anchor of the "Half-moon," 
passed through the Narrows, beholding on both sides "as 
beautiful a land as one can tread on;" and floated cau- 
tiously and slowly up the noble stream, the first ship that 
ever rested on its bosom. He passed the Palisades, nature's 
dark basaltic Malakoff; forced the iron gateway of the 
Highlands, and anchored on the 14th, near. West Point ; 
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liwept onward and upward the following day by grassy 
meadows and tangled slopes, hereafter to be covered with 
smiling Tillages; — by elevated banks and woody heights, 
the destined site of fiitnre towns and cities, — tot egregias 
wrbesj — of Newburg, Poaghkeepsie, Oatskill; — on the even- 
ing of the 15th arrived opposite ^^ the mountains which lie 
from the river side,** where he found " a very loving people 
and very old men ; and the day following reached the spot, 
hereafter to be honored by his own illustrious name. One 
more day wafts him up between Schodac and Oastleton, 
and here he landed and passed a day with the natives, — 
greeted with all sorts of barbarons hospitality, — the land 
** the finest tov enltivaticHi he ever set foot on,*' the natives 
so kind and gentle that, when they found he would not 
remain with them over night, and feared that he lefb 
them, — poor children of nature, — because he was afraid 
of their weapons, he, whose quarter deck was heavy with 
ordnance, they ^' broke their arrows in pieces and threw 
them in the fire.'* On the following morning, with the 
early flood-tide, on the 19th of SeptemK^r, 1609, the Half- 
moon "ran higher up two leagues above the Shoals," 
and eame to anchor in deep water, near the site of the 
present dty of Albany. Happy, if he could have closed 
his gallant career, on the banks of the stream which so 
Justly bears his name, and thus have escaped the sorrow- 
ftd and mysterious catastrophe which awaited him in the 
Arctic waters, the next year ! 

But the discovery of year great river and of the site 
of your ancient city, is not the only event which renders 
Uie year 160d^ memorable in the annals of America and the 
world. It was one of those years, in which a sort of 
sympathetic movement toward great results unconsciously 
pervades the races and the minds of men. While HuDSOSf 

4 
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was exploring this mighty river and this vast region for the 
Dutch East India Company, Gramplain, in the same year, 
carried the lilies of France to the beautiful lake which 
bears his name, on your northern limits; — the languishing 
establishments of England in Virginia were strengthened 
by the second charter granted to that colony; — the little 
church of Bobinson removed from Amsterdam to Leyden, 
from which, in a few years, they went forth to lay the 
foundations of New England on Plymouth Bock; — the seven 
United Provinces of the Netherlands, after that terrific 
struggle of forty years, (the commencement of which has 
just been embalmed by an American historian in a record 
worthy of the great event,) wrested from Spain the virtual 
acknowledgment of their independence in the Twelve Years* 
truce ; — and James the First, in the same year, granted 
to the British East India Oompany their first permanent 
charter; comer-stone of an empire destined in two cen- 
turies to overshadow the East. 

One more incident is wanting to complete the list of the 
memorable occurrences which signalize the year 1609, and 
one moftt worthy to be remembered by us on this occasion. 
Contemporaneously with the events which I have enume- 
rated, — eras of history, dates of empire, the starting point 
in some of the greatest political, social, and moral revo- 
lutions in our annals, an Italian astronomer, who had heard 
of the magnifying glasses which had been made in Holland 
by which distant objects could be brought seemingly near, 
caught at the idea, constructed a telescope and pointed it to 
the heavens* Tes, my friends, in the same year in which 
HuDSOK discovered your river and the site of your 
ancient town, in which Bobinsok made his melancholy 
Hegira from Amsterdam to Ley den, Gaulbo Galilei, 
with a telescope, the work of his own hands, discovered the 
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phases of Yetrns and the satellites of Jupiter ; and now, 
after the lapse of less than two centuries and a half, on 
a spot then embosomed in the wilderness, the covert of 
some of the least civilized of all the races of men, we 
are assembled, descendants of the Hollanders, descendant »; 
of the Pilgrims, in this ancient and prosperous city, to^ 
inaugurate the establishment of a first-class Astronomical* 
Observatory. 

One more glance at your early history. Three years 
after the landing of the Pilgrims at Plymouth, (for I 
delight to trace these kindly synchronisms,) Fort Orange 
was erected, in the centre of what is now the business* 
part of the city of Albany, and a few years later, the* 
little hamlet of Beverswyck began to nestle under its- 
walls. Two centuries ago, my Albanian friends, this very 
year, your forefathers assembled, not certainly to inaugurate 
an observatory, but to lay the foundations of a new church 
in the place of the rude cabin which had hitherto served 
them in that capacity. It was built at the intersection of 
Yonker's and Handelaar's, better known to you as State 
and Market streets. Public and private liberality cooperated 
in the important work. The authorities at the fort gave 
fifteen hundred guilders; — the Patroon of that early day,, 
with the liberality coeval with the name and the race,, 
contributed a thousand; — while the inhabitants, for whose- 
benefit it was erected, whose numbers were small and theit- 
resources smaller, subscribed twenty beavers, " for the pur^ 
chase of an oaken pulpit in Holland." Whether the largest 
part of this subscription was bestowed by some^ liberal 
benefactress, tradition has not informed us. It has however 
informed us, as I learned a few hours since from Mr. Bbod- 
HEAD, that the comer-stone of the little church was laid by 
the Bev. Butgeb Jacobbek ; and that his daughter married 
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Ja^ JA2C8BN Blbbck£B» bovoL whoiB is lineally descended 
Mrs. Blaxdina Bleeokbb Dudley, to whom we are so 
largely indebted for this day's celebration. 

Nor is the year 1666 memorable in the annals of Albany 
alone. In that same year your imperial metropolis, which 
had then recently been incorporated as a city by the name 
of New Amsterdam, was first carefully surveyed by official 
authority, and found to contain one hundred and twenty 
houses and one thousand inhabitants. * In eight years more 
New Netherland becomes New-York ; Fort Orange, with its 
dependent hamlet, assumes the name of Albany ; — a century 
of various fortune succeeds, — the scourge of French and 
Indian war is rarely absent fit>m the land, — every shock of 
European policy vibrates with electric rapidity across the 
Atlantic, but the year 1756 finds a population of three hun- 
dred thousand in your growing province. Albany, however 
may still be regarded almost as a frontier settlement. Of 
the twelve counties into which the province was divided a 
hundred years ago, the county of Albany comprehended all 
that lay north and west of the city ; and the city itself con- 
tained but about three hundred and fifty houses. 

One more century; another act in the great drama of 
empire; another French and Indian war beneath the 
banners of England; a successful revolution, of which some 
of the most momentous events occurred within your imme- 
diate neighborhood; a union of States; a constitution of 
federal government ; your population carried to the St. Law- 
rence and the great Lakes, and their waters poured into the 
Hudson:; your territory covered with a network of canals 
and railroads, filled with life, and action, and power, with all 



• These hlstorlcia notices, relatfve to the dlflooyeiy of the river by Hitdson, and the 
foandatlon of Albany, are for the most part abridged firom Mr. Bboadhkaj>*s ezoeUent 
^tory of New- York. 
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the works of peaceful art and prosperous enterprise, with all 
the institotions which constitute and advance the civilization 
of the age, its population exceeding that of the Union at the 
date of the Bevolution, your own numbers twice as large as 
those of the largest dty of that day» you have met together^ 
my friends, just two hundred years since the erection of the 
little diurch of Beverswyck, to dedicate a noble temple 
of science, and to take a becoming puUic notice of the 
establishment of an institution destined, as we trust, to 
exert a beneficial influence on the progress of useful know- 
ledge at home and iU>road, and through that on the general 
cause of civilization. 

You will observe that I am careful to say the progress 
of science *'at home and abroad;" for the study of 
astronomy in this country, like that of many other branches 
of natural sdence, has long since, I am happy to add, 
passed that point where it is content to repeat the 
observations and verify the results of European research. 
It has boldly and successfully entered the field of original 
investigation, discovery and speculation; and there is not 
now a single department of the science in which the names 
of American observers and mathematicians are not cited 
by our brethren - across the water, side by side with the 
most eminent of their European contemporaries. 

This state of things is certainly recent. During the colo* 
nial period, and in the first generation after the BevoIuti6n, 
no department of science was, for obvious causes, very 
extensively cultivated in America, — astronomy perhaps as* 
much as the kindred branches. The improvement in the* 
quadrant commonly known as Hablet's had already been 
made at Philadelphia by Gobfbby in the early part of the last 
century, and the beautiful invention of the coUimating tele- 
scope was made at a later period by BrrrBiirHonsB, au 
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astronomer of distiDgnisbed repute. The transits of Venus 
of 1761 and 1769 were observed in different parts of tbe 
country ; orreries, a favorite scientific toy in the last cen- 
tury, were constructed in Philadelphia and Boston ; and some 
respectable scientific essays are contained and valuable obser- 
vations are recorded in the early volumes of the transactions 
of the Philosophical Society at Philadelphia, and the Amer- 
ican Aca<lemy of Arts and Sciences at Boston and Gam- 
bridge. But in tbe absence of a numerous class of men of 
science to encourage and aid each other, in a state of the 
country as yet too poor to extend a liberal patronage to the 
expensive arts, without observatories and without valuable 
instruments, little of importance could be expected in the 
higher walks of astronomical research. 

The greater the credit due for the achievement of an enter- 
prise commenced in the early part of the present century, 
and which would reflect honor on the science of any country 
and any age, I mean the translation and commentary on 
Laplace's Meoanique Celeste, by Bowditoh ; a work whose 
merit I am myself wholly unable to appreciate, but which I 
have been led to think places the learned translator and com- 
mentator on a level with the ablest astronomers and geome- 
ters of the day. This work may be considered as opening a 
new era in the history of American science. The country 
was still almost wholly deficient in instrumental power ; but 
the want was generally felt by men of science, and the pub- 
lic mind in various parts of the Union began to be turned 
towards the means of supplying it. In 1825, President 
John Quinct Adams brought the subject of a National 
Observatory before congress. Political considerations pre- 
vented its being favorably entertained at that time ; and it 
was not till 1842, and as an incident of the exploring expe- 
dition, that an appropriation was made for a depot for the 
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charts and instraments of the navy. On this modest basis 
has been reared the INTational Observatory at Washington ; an 
institution which has already taken and fully -sustains an 
honorable position among the scientific establishments of the 
age. 

Besides the institution at Washington, fifteen or twenty 
observatories have, within the last few years, been established 
in different parts of the country ; some of them on a modest 
scale, for the gratification of the scientific taste and zeal of 
individuals, others on a broad foundation of expense and 
usefulness. In these establishments, public and private, the 
means are provided for the highest order of astronomical 
observation, research, and instruction. There is already in 
the country an amount of instnimental power (to which 
addition is constantly making), and of mathematical skill 
on the part of our men of science, adequate to a manly 
competition with their European contemporaries in astron- 
omy and the branches of science theoretical and applied 
connected with it. The proceedings of the present meeting 
of the American Association fully justify this remark. The 
fruits are already before the world in the triangulation of 
several of the States, in the great work of the coast survey, 
in the numerous scientific surveys of the interior of the con- 
tinent, in the astronomical department of the exploring 
expedition, in the more recent scientific expedition to Chili ; 
in the brilliant hydrographical labors of the observatory at 
Washington ; in the published observations of Washington 
and Oambridge ;* in the general character of the contents of 
the journal conducted by the Nestor of American Science, 
now in ite eighth lustrum, of the Sidereal Messenger, and 
the Astronomical Journal; in the National Ephemeris; in 
the great chronometrical expeditions to determine the longi- 
tude of Oambridge, better ascertained than that of Paris 
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was till withia the last year ; in the prompt rectification of 
the errors in the predicted elements of Neptune, in its 
identification with Lalaxde's missing star, and in the calcu- 
lation of its ephemeris ; in the discovery of the satellite of 
Neptune, of the eighth satellite of Saturn, and of the inner- 
most of its rings ; in the establishment, both by observation 
and theory, of the non-solid character of Saturn's rings ; in 
the recent remarkable speculations on the nature of the 
Zodiacal light ; in the separation and measurement of many 
double and triple stars, amenable only to superior instru- 
mental power; in the immense labor already performed in 
preparing Star Catalogues, and in numerous accurate obser- 
vations of standard stars; in the diligent and successful 
observation of the meteoric showers ; in an extensive series 
of magnetic observations ; in the discovery of an asteroid 
and ten or twelve telescopic comets (the latter not the 
achievement of the stronger sex alone) ; in the resolution of 
nebulsB, which have defied everything in Europe but Lord 
Bosse'8 great Beflector ; in the application of electricity to 
the measurement of difibrences in longitude, in the corrected 
ascertainment of the velocity of the electro-magnetic fluid, 
and its truly wonderful uses in recording astronomical 
observations. These are but a portion of the achievements 
of American astronomical science within fifteen or twenty 
years, and fully justify the most sanguine anticipations of 
its further progress. 

How far our astronomers may be able to pursue their 
researches, will depend upon the resource's of our public 
institutions, and the liberality of wealthy individuals in 
furnishing the requisite means. With the exception of the 
observatories at Washington and West Point, little can be 
done or expected to be done by the government of the Union 
or the States ; but in this, as in everything else connected 



USES OF ASTRONOMY. xxix 

with the patronage of art and science, the great dependence, 
and may I not add the safe dependence, as it ever has been, 
must continue to be npon the bounty of enlightened, liberal, 
and public-spirited individuals. 

It is by a signal exercise of this bounty, my friends, that 
we are called together to-day. The munificence of several 
citizens of this ancient city, among whom the first place is 
due to the generous lady, whose name has with great 
propriety been given to the institution, has furnished the 
means for the foundation of the Dudley Observatory at 
Albany. On a commanding elevation, on the northern edge 
of the city, liberally given for that purpose by the head of a 
£EUDily (Vak Rensselaer) in which the patronage of science is 
hereditary, a building of ample dimensions has been erected, 
upon a plan which combines all the requisites of solidity, 
convenience and taste. A large portion of the expense of 
the structure has been defrayed by Mrs. Blandina Dudley, 
to whose generosity, and that of several other public-spirited 
individuals, the institution is also indebted for the provision 
which has been made for an adequate supply of first-class 
instruments, executed and to be executed by the most emi- 
nent makers in Europe and America; and which, it is 
confidently expected, will yield to none of their class in any 
observatory in the world.* 

With a liberal supply of instrumental power; established 
in a community to whose intelligence and generosity its 
support may be safely confided, and whose educational 
institutions are rapidly realizing the conception of a 
university; countenanced by the gentleman who conducts 
the United States Ooast Survey with such scientific skill 



• For this description of the Dudley Observatory, I am Indebted to a valuable article 
on American Observatories by Professor Loomis in Harper's Magazine for June 1866, 
P.4B. 
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and administrative energy, and by the men of science 
generally in tbe United States; committed to the imme- 
diate supervision of an astronomer (Dr. B. A. Gould), to 
whose distinguished talent has been added the advantage 
of a thorough scientific education in the most renowned 
universities of Europe, and who, as the editor of the 
American Astronomical Journal, has shown himself to be 
fully qualified for tbe high trust;— under these favorable 
circumstances, the Dudley Observatory at Albany now 
takes its place among the scientific foundations of the 
country and the world. 

It is no affected modesty which leads me to express the 
regret that this interesting occasion could not have taken 
place under somewhat different auspices. I feel that the 
duty of addressing this great and enlightened assembly, 
comprising so much of the intelligence of the community 
and of the science of the country, ought to have been 
elsewhere assigned; that it should have devolved upon some 
one of the eminent persons, many of whom I see around 
me, to whom you have been listening the past week, who 
as observers and geometers could have treated the subject 
with a master's power ; astronomers, whose telescopes have 
penetrated the depths of the heavens, or mathematicians, 
whose analysis unthreads the maze of their wondrous 
mechanism. If, instead of commanding, as yon easily 
could have done, qualifications of this kind, your choice 
has rather fallen on one, making no pretensions to the 
honorable name of a man of science, — but whose delight 
it has always been to turn' aside from the dusty and thank- 
less paths of active life^ for an interval of recreation in the 
green fields of sacred nature in all her kingdoms, — it is, I 
presume, because you have desired, on an occasion of this 
kind, necessarily of a popiriar character, that those views 



TTSES OF ASTRONOMY. 



ZZXl 



of the subject shonid be presented which address themselves 
to the general intelligence of tbe coinmunit}% and not to 
its select scientific circles. For astronomy, perhaps to a 
greater extent than any other department of natural 
science, exhibits phenomena, which, wbile they task tbe 
highest powers of philosophical research, are also well 
adapted to arrest the attention of minds barely tinctured 
with scientific culture, and even to touch the sensibilir 
ties of the wholly uninstructed observer. The profound 
investigations of the chemist into the ultimate constitur- 
tion of material nature, the minute researches of the 
physiologist into the secrets of animal life, the transcend^- 
ental logic of the geometer bristling in a notation, the very 
sight of which terrifies the uninitiated, are lost on the- 
common understanding. But the unspeakable glories of 
the rising and the setting sun; the serene majesty of the 
moon, as she walks in full-orbed brightness through the 
heavens; the soft witchery of the morning and the evening 
star; the imperial splendors of the firmament on a bright 
unclouded night; the comet, whose streaming banner floats 
over half tbe sky, — these are objects which charm and 
astonish alike the philosopher and the peasant; — tbe mathe- 
matician who weighs the masses and defines the orbits of 
the heavenly bodies, and the untutored observer who sees 
nothing beyond the images painted upon the eye. 

An astronomical observatory, in the general acceptation 
of the word, is a building erected for the reception and 
appropriate use of astronomical instruments, and the accouL- 
modation of the men of science employed in making an<Z 
reducing observations of the heavenly bodies. These instrur 
ments are mainly of three classes, to which I believe all 
others of a strictly astronomical character may be referred. 

1st. The instruments by which the heavens are inspected, 
with a view to discover the existence of those celestial 
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bodies which are not visible to the naked eye, (beyond all 
comparison more numerous than those which are,) and to 
observe the magnitude, shapes and other sensible qualities, 
both of those which are and those which are not thus 
visible to the unaided sight. The instruments of this class 
are designated by the general name of Telescope; and 
are of two kinds; — the refracting telescope, which derives 
its magnifying power from a system of convex lenses; 
and the reflecting telescope, which receives the image of 
the heavenly body upon a concave mirror. 

2d. The second class of instruments consists of those 
which are designed principally to measure the angular 
distances of the heavenly bodies from each other, and 
their time of passing the meridian. The transit instru- 
ment, the meridian circle, the mural circle, the heliometer, 
and the sextant belong to this class. The brilliant 
discoveries of astronomy are for the most part made with 
the first class of instruments; — its practical results wrought 
out by the second. 

3d. The third class contains the clock, with its subsidiary 
apparatus for measuring the time and marking its subdi- 
visions, with the greatest possible accuracy; — indispensable 
auxiliary of all the instruments, by which the positions 
.and motions of the heavenly bodies are observed, and 
imeasured, and recorded. 

The telescope may be likened to a wondrous Cyclopean 
I eye, endued with superhuman power, by which the astron- 
omer extends the reach of his vision to the further heavens, 
and surveys galaxies and universes compared with which 
the solar system is but an atom floating in the air. The 
transit may be compared to a measuring rod which he 
.lays from planet to planet and from star to star, to 
ascertain and mark off the heavenly spaces, and transfer 
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them to his note book. The clock is tbe marvelous 
apparatus by wbich he equalizes and divides into nicely- 
measured parts a portion of that uncouceived infinity of 
duration, without beginning and without end, in which 
aU existence floats as on a shoreless and bottomless sea. 

In the contrivance and the execution of these instru- 
ments, the utmost stretch of inventive skill and mechanical 
ingenuity has been put forth. To such perfection have 
they been carried, that a single second of magnitude or 
space is rendered a distinctly visible and appreciable 
quantit}\ "The arc of a circle," says Sir J. Herschbl, 
"subtended by one second, is less than the two hundred 
thousandth part of the radius, so that on a circle of six 
feet in diameter, it would occupy no greater linear extent 
than TiW part of an inch ; a quantity requiring a powerful 
micro8Coi)e to be discerned at all."* The largest body in 
our system, the sun, whose real diameter is 882,000 miles, 
subtends, at a distance of 95,000,000 miles, but an angle 
of a little more than 32^; while so admirably are the best 
instruments constructed, tbat both in Europe and America, 
a satellite of Neptune, an object of comparatively incon- 
siderable diameter, has been discovered at a distance of 
2,850 millions of miles. 

The object of an Observatory, erected and supplied with 
instruments of this admirable construction and at propor- 
tionable expense, is, as I have already intimated, to provide 
for an accurate and systematic survey of the heavenly bodies, 
with a view to a more correct and extensive acqnaintance 
with those already known, and as instrumental power and 
skill in using it increase, to the discovery of bodies hitherto 
invisible, and in both classes of objects to the determination 

*HeT8cherB OutllneB of Astronomy, { 131. 
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of their distances, their times of passing the meridian, their 
relations to each other, and the laws which govern their 
movements. 

Why sbonid we wish to obtain this knowledge? What 
inducement is there to expend large sums of money in the 
erection of Observatories, in furnishing them with costly 
instruments, and in the support of the men of science 
employed in making, discussing, and recording, for suc- 
cessive generations, these minute observations of the 
heavenly bodies ? 

In an exclusively scientific treatment of this subject, an 
inquiry into its utilitarian relations would be superfluous, — 
even wearisome. But on an occasion like the present, you 
will not, perhaps, think it out of place, if I briefly answer 
the question what is the use of an astronomical observatory, 
and what benefit may be expected from the operations of 
such an establishment in a community like ours ? 

I. In the first place, then, we derive from the observations 
of the heavenly bodies which are made at an observatory, 
our only adequate measures of time and our only means of 
comparing the time of one place with the time of another. 
Our artificial timekeepers — clocks, watches, and chronome- 
ters — however ingeniously contrived and admirably fabri- 
cated, are but a transcript, so to say, of the celestial motions, 
and would be of no value without the means of regulating 
them by observation. It is impossible for them under any 
circumstances to escape the imperfection of all machin- 
ery, the work of human hands ; and the moment we remove 
with our timekeeper east or west, it fails us. It will keep 
home time alone, like the fond traveler who leaves his heart 
behind him. The artificial instrument is of incalculable util- 
ity, but must itself be regulated by the eternal clock-work of 
the skies. 
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This single consideration is sufficient to show how com- 
pletely the daily business of life is affected and controlled 
by the heavenly bodies. It is they and not our main- 
springs, our expansion balances, aud our compensation 
pondulnms, which give us our time. To reverse the line of 
Pope, — 

Tis with our watches as our judgments ; none 
Go just alike, hut each helieves his own ; — 

But for all the kindreds and tribes and tongues of men, — 
each upon their own meridian, — from the Arctic pole to the 
equator, from the equator to the Antarctic pole, the eternal 
sun strikes twelve at noon, aud the glorious constellations, 
far up in the everlasting belfries of the skies, chime twelve 
at midnight; — twelve for the pale student over his flick- 
ering lamp ; twelve amid the flaming wonders of Orients 
belt, if he crosses the meridian at that fated hour ; twelve 
by the weary couch of languishing humanity; twelve in the 
star-paved courts of the Empyrean ; twelve for the heaving 
tides of the ocean ; twelve for the weary arm of labor ; 
twelve for the toiling brain ; twelve for the watching, wak- 
ing, broken heart ; twelve for the meteor which blazes for a 
moment and expires ; twelve for the comet whose period is 
measured by centuries; twelve for every substantial, for 
every imaginary thing, which exists in the sense, the intel- 
lect, or the fancy, and which the speech or thought of man, 
at the given meridian, refers to the lapse of time. 

Not only do we resort to the observation of the heavenly 
bodies for the means of regulating and rectifying our clocks, 
but the great divisions of day and month and year are 
derived from the same source. By the constitution of our 
nature the elements of our existence are closely connected 
with the celestial times. Partly by his physical organization, 
partly by the habit, — second nature, — of the race from the 
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dawn of creation, man as he is and the times and seasons of 
the heavenly bodies are part and parcel of one system. The 
first great division of time, the day-night (nychthemeram), for 
which we have no precise synonym in our language, with its 
primal alternation of waking and sleeping, of labor and rest, 
is a vital condition of the existence of such a creature as man. 
The revolution of the year, with its various incidents of 
summer and winter and. seed-time and harvest, is not less 
involved in all our social, material and moral progress. It 
is true that at the poles and on the equator, the effects of 
these revolutions are variously modified or wholly disappear, 
but as the necessary consequence, human life is extinguished 
at the poles, and on the equator attains only a languid or 
feverish development.* Those latitudes only, in which the 
great motions and cardinal positions of the earth exert a 
mean influence, exhibit man in the harmonious expansion of 
his powers. The lunar period, which lies at the foundation 
of the month, is less vitally connected with human existence 
and development ; but is proved by the experience of every 
age and race to be eminently conducive to the progress of 
civilization and culture. 

But indispensable as are these heavenly measures of time 
to our life and progress, and obvious as are the phenomena 
on which they rest, yet, owing to the circumstance that, in 
the economy of nature, the day, the month, and the year are 
not exactly commensurable, some of the most difficult ques- 
tions in practical astronomy are those, by which an accurate 
division of time, applicable to the various uses of man, is 
derived from the observation of the heavenly bodies. I have 
no doubt that, to the Supreme Intelligence which created 
and rules the universe, there is a harmony hidden to us in 

*Gii7oi, Earth and Man, p. 281, et aeq. 



USES OF ASTRONOMY. xxxvii 

the numerical relation to each other of days, months, and 
years ; but in our ignorance of that harmony, their practical 
adjustment to each other is a work of difficulty. The great 
embarrassment which attended the reformation of the cal- 
endar, after the error of the Julian period had, in the lapse 
of centuries, reached ten (or rather twelve) days, su£9ciently 
illustrates this remark. It is most true that scientific difficul- 
ties did not form the chief obstacle. Having been proposed 
under the auspices of the Boman Pontiff, the protestant 
world, for a century and more, rejected the new style. It 
was in various places the subject of controversy, collision 
and bloodshed.* It was not adopted in England till nearly 
two centuries after its introduction at Eome; and in the 
country of the Struves and the Pulkova equatorial, they per- 
sist at the present day, for civil purposes, in adding eleven 
minutes and twelve seconds to the length of the tropical 
year. 

n. The second great practical use of an Astronomical 
Observatory is connected with the science of Geography. 
The first page of the history of our continent illustrates 
this connection. Profound meditation on the sphericity of 
the earth was one of the main reasons which led Columbus 
to undertake his momentous voyage, and his thorough 
acquaintance with the astronomical science of that day 
was, in his own judgment, what enabled him to overcome 
the almost innumerable obstacles which attended its prose- 
cution.t In return, I find that Copernicus, in the very 
commencement of his immortal work,t appeals to the 
discovery of America as completing the demonstration of 
the sphericity of the earth. Much of our knowledge of the 



* stem's HimmelBkande, p. 72. 

fHamboldt, Histoire de la geographic, etc. Tom I. p. 17. 
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figure, size, density, and position of the earth as a 
member of the solar system is derived from this science, 
and it furnishes us the means of performing the most 
important operations of practical geography. Latitude and 
longitude, which lie at the basis of all descriptive geogra* 
phy, are determined by observation. No map deserves 
the name, on which the position of important points has 
not been astronomically determined. Some even of our 
most important political and administrative arrangements 
depend upon the cooperation of this science. Among these 
I may mention the land system of the United States, and 
the determination of the boundaries of the country. 

I believe that till it was done by the Federal Govern- 
ment, a uniform system of mathematical survey had 
never in any country been applied to an extensive terri- 
tory. Large grants and sales of public land took place 
before the Bevolution and in the interval between the 
peace and the adoption of the Oonstitution; but the limits 
of these grants and sales were ascertained by sensible 
objects, by trees, streams, rocks, hills, and by reference to 
adjacent portions of territory, previously surveyed. The 
uncertainty of boundaries thus defined was a never-failing 
source of litigation. Large tracts of land in the Western 
country granted by Virginia, under this old system of 
special and local survey, were covered with conflicting 
claims, and the controversies to which they gave rise 
formed no small part of the business of the Federal Court 
after its organi!zation. But the adoption of the present 
land system brought order out of chaos. The entire public 
domain is now scientifically surveyed before it is offered 
for sale; it is laid off into ranges, townships, sections, 
and smaller divisions with unerring accuracy, resting on 
the foundation of base and meridian lines; — and I have 
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been infomied that under this system, scarce a case of 
contested location and boundary has ever presented itself 
in court. The general land office contains maps and plans, 
in which every quarter section of the public land is laid 
down with mathematical precision. The superficies of half 
a continent is thus transferred in miniature to the bureaus 
at Washington; — while the local laud offices contain tran- 
scripts of these plans, copies of which are furnished to the 
individual purchaser. When we consider the tide of popu- 
lation annually flowing into the public domain, and the 
immense importance of its efficient and economical admin- 
istration, the utility of this application of astronomy will 
be duly estimated.* 

I will here venture to repeat an anecdote which I heard 
lately from a son of the late Hon. Timothy Pickeeing. 
Mr. OcTAVius Pickering, on behalf of his father, had 
applied to Mr. David Putnam of Marietta, to act as his 
legal adviser, with respect to certain land claims in the 
Virginia military district, in the State of Ohio. Mr. 
Putnam declined the agency. He had had much to do 
with business of that kind and found it beset with 
endless litigation. '^I have never," he adds, '' succeeded 
but in a single case, and that was a location and survey 
made by Gtoneral Washington before the Bevolution, and 
I am not acquainted with any surveys, except those made 
by him, but what have been litigated." 

At this moment, a most important survey of the coast 
of the United States is in progress; an operation of the 
utmost consequence, in reference to the geography, com- 
merce, navigation, and hydrography of the country. The 
entire work, I need scarce say, is one of practical astronomy. 



•See an article on the Public Lands by the author of this Address, American 
Almanac for 1882, p. 146w 
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The scientific establishmeot which we this day inangurate 
is looked to for important cooperation in this great under- 
taking; — and will no doubt contribute e£9cient]y to its 
prosecution • 

Astronomical observation furnishes by far the best means 
of defining the boundaries of States, when the lines are of 
great length and run through unsettled countries. Natural 
indications like rivers and mountains, however distinct in 
appearances, are in practice subject to unavoidable error. 
By the treaty of 1783, a boundary was established between 
the United States and Great Britain, depending partly on 
the course of rivers and upon the highlands dividing the 
waters which flow into the Atlantic Ocean from those which 
flow into the St. Lawrence. It took twenty years to find 
out which river was the true St. Croix, that being the start- 
ing x>oint. England then having made the extraordinary 
discovery that the Bay of Pundy is not a part of the 
Atlantic Ocean, forty years more were passed in the unsuc- 
cessful attempt to re-create the Highlands which this strange 
doctrine had annihilated ; and just as the two countries were 
on the verge of a war, the controversy was settled by com- 
promise. Had the boundary been accurately described by 
lines of latitude and longitude, no dispute could have arisen. 
No dispute arose as to the boundary between the United 
States and Spain, and her successor, Mexico, where it runs 
through untrodden deserts, and over pathless mountains, 
along the forty-second degree of latitude. The identity of 
rivers may be disputed as in the case of the St. Croix ; the 
course of mountain chains is too broad for a dividing line ; 
the division of streams, as experience has shown, is uncer- 
tain, but a degree of latitude is written on the heavenly 
sphere ; and nothing but an observation is required to read 
the record. 
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But ficientific elements, like sharp instrnments, must be 
handled with care. A part of our boundary between the 
British Provinces ran upon the forty-fifth degree of latitude ; 
and about forty years ago» an expensive fortress was com- 
menced by the government of the United States at Bouse's 
Point on Lake Ghamplain, on a spot intended to be just 
within our limits. When the line came to be more carefully 
surveyed the fortress turned out to be on the wrong side; 
we had been building an expensive fortification for our 
neighbor. But in the general compromises of the treaty 
of Washington by the Webster and Ashburton Treaty of 
the 9th of August, 1842, the fortress was left within our 
limits.* 

Errors still more serious had nearly resulted a few years 
since in a war with Mexico. By the treaty of Oaudalupe 
Hidalgo, of the 2d of February, 1848, the boundary line 
between the United States and that country was in part 
described by reference to the town of El Paso, as laid down 
on a specified map of the United States, of which a copy was 
appended to the treaty. This boundary was to be surveyed 
and run by a joint commission of men of science. It soon 
api>eaied that errors of two or three degrees existed in the 
projection of the map. Its lines of latitude and longitude 
did not conform to the topography of the region ; so that it was 
impossible to execute the text of the treaty. The famous 
Mesilla Valley was a part of the debatable ground, and the 
sum of ten millions of dollars paid to the Mexican govern- 
ment, for that and for an additional strip of territory on the 
southwest, was the smart-money which expiated the inaccu* 
racy of the map ; the necessary result perhaps of the want 
of good materials for its construction. Ten millions oi dol- 

• WeUter'8 Works, Vol. I, pp. UO, 115. 
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lars would have gone a good way toward the expense of a 
National Observatory and of a map of the continent, con- 
structed with entire accuracy. 

It became my official duty, in London, a few years ago, to 
apply to the British government for an authentic statement 
of their claim to jurisdiction over New Zealand. The official 
Gazette for the 2d of October, 1840, was sent me from the 
Foreign offioe, as affording the desired information. This 
number of the Gazette contained the proclamations issued 
by the lieutenant-governor of New Zealand " in pursuance 
of the instructions he received from the Marquess of Nor- 
manby, one of Her Majesty's principal Secretaries of State," 
asserting the jurisdiction of his government over the islands 
of New Zealand, and declaring them to extend '^ from thirty- 
four degrees thuty minutes north, to forty-seven degrees ten 
minutes south latitude." It is scarcely necessary to say, that 
south latitude was intended in both instances. This error 
of sixty-nine degrees of latitude, which would have extended 
the claim of British jurisdiction over the whole breadth of 
the Pacific, had apparently escaped the notice of that 
government. 

It would be easy to multiply illustrations of the great prac- 
tical importance of accurate scientific designations drawn 
from astronomical observation, in various relations connected 
with boundaries, surveys, and other geographical purposes ; 
but I must hasten to 

m. A third important department, in which the services 
rendered by astronomy are equally conspicuous. I refer to 
commerce and navigation. It is chiefly owing to the results 
of astronomical observation, that modern commerce has 
attained such a vast expansion, compared with that of the 
ancient world. I have already reminded you that accurate 
aatronomical notions contributed materially to the conception 
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in the mind of Oolumbus of his immortal enterprise, and to 
the practical success with which it was conducted. It was 
mainly his skill in the use of astronomical instruments, 
imperfect as they were, which enabled him, in spite of the 
bewildering variations of the compass, to find his way 
across the ocean. 

With the progress of the true system of the universe 
towards general adoption, the problem of finding the longi- 
tude at sea presented itself. This was the avowed object of 
the foundation of the Observatory at Greenwich.* and no one 
subject has received more of the attention of astronomers 
than those investigations of the lunar theory, on which the 
reqiusite tables of the navigator are founded. The pathways 
of the ocean are marked out in the sky above. The eternal 
lights of the heavens are the only Pharos whose beams never 
fail; which no tempest can shake from its foundation. 
Within my recollection, it was deemed a necessary qualifica* 
tion for the master and the mate of a merchant-ship, and 
even for a prime hand, t^ be able to '* work a lunar," as 
it was called, t The improvements in the chronometer 



•Grant's Histoiy of Physical Astronomy, p. 400. 

i'Sb.e following amusing anecdote is found In Babon Zach's Qnretpondenee AMtrono* 
nUqf/ie, VoL IV, p. 02. It is a part of the Baron's account of his visit to Cleopatra** 
Barge^ which entered the harbor of Genoa in 1817. The Baron was told by the propri- 
etor and commander of the vessel, that his black cook could find the ship's longitude 
by observation. " * There he is/ said the young man, pointing to a negro at the stem 
of the vessel, in his white apron, with a fowl in one hand, and a dressing-knife in the 
other. * Oome here John/ cried the captain, * this gentleman is surprised at your 
calculating the longitude; tell him about it.' Zaiilu What method do you employ in 
calculating the longitude by lunar distances 7 The Oook. It is indifferent to me. I 
make use of the method of Masksltne, Lyons, of Witchvll, and of BowDrrcn ; 
but I prefer Dunthornb, with which I am more fiuniliar and which is shorter.' I 
ooold not express my surprise at language like this from a black cook, with a bleeding 
fowl in one hand, and a larding-knife in the other." 

Dr. BoWDXTOH In early llib, was supercargo of a vessel trading to ttie Bast. His 
oaptain, being asked, on one occasion, at Manilla, how he had contrived to find his 
way, in the ilM^ of a north-east monsoon, by mere dead reckoning, replied, " that he 
had a crew Qli twelve men, every one of whom could take and work a lunar observa- 
tion as wen, for all practical purposes, as Sir Isaac Nxwtok himseU; were he alive." 
During this conversation. Dr. Bowditch sat, " as modest as a maid, saying not a word, 
but holding his slate pencil in his mouth," while another person remarked that. 
''there was more knowledge of navigation on board that ship, than there was in 
all the vessels that have floated in Manilla Bay."— Memoir of Dr B0WJ>rrcH, by 
Nathaniel Ingxbsol Bowditch, p. 28. 
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have in practice, to a great extcDt, superseded this laborions 
operation, but Observation remains, and unquestionably will 
for ever remain, the only dependence for ascertaining the 
ahip^s time and deducing the longitude from the comparison 
of that time with the chronometer. 

It may perhaps be thought that astronomical science is 
brought already to such a state of perfection that nothing 
more is to be desired, or at least that nothing more is 
attainable in reference to such practical applications as I 
have described. This, however, is an idea which generous 
minds will reject, in this as in ev^y other department of 
human knowledge. In astronomy, as in everything else, 
the discoveries already made, theoretical or practical, instead 
of exhausting the science, or putting a limit to its advance- 
ment, do but furnish the means and instruments of further 
progress. I have no doubt we live on the verge of dis- 
coveries and inventions in every department, as brilliant as 
any that have ever been made ; that there are new truths, 
new facts ready to start into recognition on every side ; and 
it seems to me there never was an age since the dawn of 
time, when men ought to be less disposed to rest satisfied 
with the progress already made, than the age in which we 
live ; for there never was an age more distinguished 'for 
ingenious research, for novel result and bold generalization. 

That no further improvement is desirable in the means 
and methods of ascertaining the ship's place at sea, no one 
I think will from experience be disposed to assert The last 
time I crossed the Atlantic, I walked the quarter-deck with 
the olBScer in charge of the noble vessel, on one occasion, 
when we were driving along before a leading breeze and 
under a head of steam, beneath a starless sky at midnight, 
at the rate certainly of ticn or eleven miles an hour. Tbero 
is something sublime, but approaching the terrible, in such 
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a scene; tbe rayless gloom, the midnight chill, the awfal 
swell of the deep, the dismal moan of the wind through 
the rigging, the all bnt volcanic fires within the hold of the 
ship; — I scarce know an occasion in ordinary life in which 
a reflecting mind feels more keenly its hopeless dependence 
on irrational forces beyond its own control. I asked my 
oomx>aniou how nearly he could determine his ship's place 
at sea under favorable circumstances. Theoretically, he 
answered, I think, within a mile; practically and usually 
within three or four. My next question was, How near do 
you think we may be to Cape Bace?«— that dangerous head- 
land which pushes its iron-bound, unlighted bastions from 
the shore of Newfoundland far into the Atlantic, first land- 
fall to the homeward-bound American vessel.* We must, 
said he, by our last observation and reckoning, be within 
three or four miles of Gape Bace. A comparison of these 
two remarks, under the circumstances in which we were 
l>laced at the moment, brought my mind to the conclusion, 
that it is greatly to be wished that the means should be 
discovered of finding the ship's place more accurately, or 
that navigators would give Cape Eace a little wider berth. 
Still I do not remember that one of the steam-packets 
between England and America was ever lost upon that 
formidable point. 

It appears to me by no means unlikely that, with the 
improvement of instrumental power, and of the means 
of ascertaining the ship's time with exactness, as great an 
advance beyond the present state of art and science in 
finding a ship's place at sea may take place, as was affected 
by the invention of the reflecting quadrant, the calcula- 



• Since the voyage in question was made (in 1845} a light house has been buUt on 
Gape Race. 



xlvi INTRODUCTION. 

tion of lunar tables, and the improyed constructiQu of 
chronometers. 

In the wonderful versatility of the human mind, the 
improvement, when it takes place, will very probably be 
made by paths where it is least expected. The great 
inducement of Mr. Babbage to attempt the construction 
of an engine, by which astronomical tables could be calcu- 
lated, and even printed by mechanical means and with entire 
accuracy, was the errors in the requisite tables. Nineteen 
such errors, in pmnt of fact, were discovered in an edition 
of Taylob's Logarithms printed in 1796 ; some of which 
might have led to the most dangerous results in calculating 
a ship's place. These nineteen errors (of which one only 
was an error of the press) were pointed out in the 
Kautical Almanac for 1832. In one of these errata the 
seat of the error was stated to be in cosine of 14^ 18' 3". 
Subsequent examination showed that there was an error 
of one second in this correction, and accordingly in the 
Nautical Almanac of the nest year a new correction 
was necessary. But in making the new correction of 
one second, a new error was committed of ten degrees 
Instead of cosine 14^ 18' 2,'' the correction was i»rinted 
cosine 4^ 18' 2," making it still necessary, in some future 
edition of the Nautical Almanac, to insert an erratum in 
an erratum of the errata in Taylor's Logarithms.* 

In the hope of obviating the possibility of such errors, 
Mr. Babbagb projected his calculating, or, as be prefers te 
call it, his difference machine. Although this extraordinary 
undertaking has been arrested in consequence of the 
enormous expense attending its execution, enough has 
been achieved to show the mechanical possibility of con- 

•Edinburgh Review, VoL LIX, p. 2B2. 
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stmcting an engiue af this kind, and even one of far 
higher powers, of which Mr. Babbage has matured the 
conception, devised the notation, and executed in part 
the drawings, — themselves an imperishable monument of 
the genius of the author. 

I happened on one occasion to be in company with 
this highly distinguished man of science, whose social 
qualities are as pleasing as his constructive talent is mar- 
vellous, when another eminent savant, Count Strzelecki, 
just returned irom his Oriental and Australian tour, 
observed that he found among the Chinese a great desire 
to know something more of Mr. Babbage's calculating 
machine, and especially whether like their own swanpan 
it could be made to go into the pocket. Mr. Babbage 
good-humoredly observed that thus far he had been very 
much out of pocket with it. 

Whatever advances may be made in astronomical science, 
theoretical or applied, I am strongly inclined to think that 
they will be made in connection with an increased com- 
mand of instrumental power. The natural order in which 
the human mind proceeds in the acquisition of astronomical 
knowledge, is minute and accurate observation of the 
phenomena of the heavens, the skillful discussion and 
analysis of these observations, and sound philosophy in 
generalizing the results. 

In pursuing this course, however, a difficulty presented 
itself, which for ages proved insuperable, and which to 
the same extent has existed in no other science, namely, 
that all the leading phenomena are in their appearance 
delusive. It is indeed true that in all sciences, superficial 
observation can only lead, except by chance, to super- 
ficial knowledge; but I know of no branch in which, to 
the same degree as in astronomy, the great leading 
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phenomena are the reverse of true, while they yet appeal 
so strongly to the senses, that saga^ions philosophers in 
antiquity who could foretell eclipse, and who discovered 
the precession of the equinoxes, still believed that the 
earth wa^ at rest in the centre of the universe, and that 
all the hosts of heaven performed a daily revolution about 
it as a centre. 

It usually happens in scientific progress, that when a 
great fact is at length discovei*ed, it approves itself at 
once to all competent Judges. It furnishes a solution to 
so many problems and harmonizes with so many other 
facts, that all the other data^ as it were, crystalize at 
once about it. In modern times we have often witnessed 
such an impatience, so to say, of great truths to be dis- 
covered, that it has frequently happened that they have 
been found out simultaneously by more than one individual. 
A disputed question of priority is an event of very common 
occurrence. Not so with the true theory of the heavens. 
So complete is the deception practiced on the senses, that 
it failed more than once to yield to the announcement of 
the truth ; and it was only when the visual organs were 
armed with an almost preternatural instrumental power, 
that the great fact found admission to the human mind. 

It is supposed that in the very infancy of science, 
Pythagoras or his disciples explained the apparent motion 
of the heavenly bodies about the earth, by the diurnal 
revolution of the earth on its axis. But this theory, 
though bearing so deeply impressed upon it the great seal 
of truth, simplicity^ was in such glaring contrast with the 
evidences of the senses, that it failed of acceptance in 
antiquity or the middle ages. It found no favor with 
minds like those of Abistotle, Archimedes, Hepparohus, 
Ptolemy, or any of the acute and learned Arabian or 
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mediaeval astronomers. All their ingentiity and all their 

mathematical skill were exhausted in the development of 
a wonderfully complicated and ingenious but erroneous 
theory. The great master truth, rejected for its simplicity, 
lay, disregarded, at their feet. 

At the second dawn of science, the great fact again 
beamed into the mind of Oopeknicus. Now, at least, in 
that glorious age which witnessed the invention of printings 
the great mechanical engine of intellectual progress, and 
the discovery of America, we may expect that this long 
hidden revelation, a second time proclaimed, will command 
the assent of mankind. But the sensible phenomena were 
still too strong for the theory; — the glorious delusion of 
the rising and the setting sun could not be overcome. 
Tycho db Bbahe furnished his observatory with instru- 
ments superior in number and quality to all that had been 
collected before; but the great instrument of discovery, 
which, by augmenting the optic power of the eye, enables 
it to penetrate beyond the apparent phenomena and to 
discern the true constitution of the heavenly bodies, was 
wanting at XJranienburg. The observations of Tycho, as 
discussed by Kepplbr, conducted that most fervid, power- 
ful, and sagacious mind to the discovery of some ot the 
most important laws of the celestial motions ; but it was 
not till Galileo, at Florence, had pointed bis telescope to 
the sky, that the Gopernican system could be said to be 
firmly established in the scientific world.* 

On this great name, my friends, assembled as we are to 
dedicate a temple to instrumental Astronomy, we may 
well pause for a moment. 

There is much, in every way, in the city of Florence to 

• It is another interesting colncidenoe of events In the year 1009, that Kepplkr's 
-works de Motu MartU and Astrmwmia Neva, in which his two first laws are propounded, 
appeared in this year. I am indebted for this suggestion to Dr. B. A. Qoujld. 
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excite the curiosity, to kindle the imagination, and to 
gratify the taste. Sheltered on the north by the vine-clad 
hills of Fiesole, whose Cyclopean walls carry back the 
antiquary to ages before the Boman, before the Etruscan 
power, the flowery city (Fiorenza) covers the sunny banks 
of the Arno with its stately palaces. Dark and frowning 
piles of mediaBval structure, a majestic dome the prototype 
of St. Peter's, basilicas which enshrine the ashes of some 
of the mightiest of the dead, the stoue where Dakte 
stood to gaze on the campanile^ the house of Michael 
Akgelo still occupied by a descendant of his lineage and 
name, — his hammer, his chisel, his dividers, his manuscript 
poems, all as if he had left them but yesterday; — airy 
bridges which seem not so much to rest on the earth as to 
hover over the waters they span; — the loveliest creations 
of ancient art, rescued from the grave of ages again to 
"enchant the world ;*^ — the breathing marbles of Michael 
Angblo, the glowing canvas of Eaphael and Titian; — 
museums filled with medals and coins of every age from 
Omus the younger, and gems and amulets and vases from 
the sepulchres of Egyptian Pharaohs coeval with Joseph, 
and Etruscan Lucumons that swayed Italy before the 
Bomans; — libraries stored with the choicest texts of ancient 
literature; — gardens of rose and orange and pomegranate 
and myrtle; — the very air you breathe languid with music 
and perfume, — such is Florence. But among all its fascina- 
tions addressed to the sense, the memory, and the heart, 
there was none to which I more frequently gave a meditative 
hour during a year's residence, than to the spot where 
Galileo Oalilei sleeps beneath the marble floor of Santa 
Croce; no building on which I gazed with greater reverence, 
than I did upon the modest mansion at Arcetri, villa at once 
|md prison, in which that venerable sage, by command of 
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the Inquisition, passed the sad closing years of his life; the 
beloved danghter on whom he bad depended to smooth his 
passage to the grave laid there before him; the eyes with 
which he had discovered worlds betbte nnknown, quenched 
in blindness; — 

Ahim^ I quegli occM si son fatti oscuri, 
Che vider piil di tutti i tempi antichi, 
£ luce fur dei seooli futuri. 

That was the house ''where," says Milton, (another of 
those of whom the world was not worthy,) ''I found and 
visited the famous Galileo, grown old, — a prisoner to the 
Inquisition, for thinking on astronomy, otherwise than as 
the Dominican and Franciscan licensers thought"* Great 
heavens ! what a tribunal, what a culprit, what a crime ! 
Let us thank God, my friends, that we live in the nineteenth 
century. Of all the wonders of ancient and modem art, 
statues and paintings, and jewels and manuscripts, the admi- 
ration and the delight of ages, — there was nothing which I 
beheld with more affectionate awe, than that poor rough 
tube, a few feet hi lengtb» the work of his own hands, that 
very "optic glass" through which the "Tuscan Artist" 
viewed the moon, 

" At evening from the top of Feeol^ 
Or in Valdamo, to desciy new landi» 
Rivera, or mountains, in lier spotty globe : " 

that poor little spy-glass (for it is scarcely more) tlhrough 
which the human eye first distinctly beheld the surface of the 
moon, — first discovered the phases of Venus, the satellites 
of Jupiter, and the seeming handles of Saturn, — first pene- 
trated the dusky depths of the heavens, — first pierced the 
clouds of visual error, which from the creation of the world 
involved the system of the Universe. 

* MUton'B Prose Works, Vol. I, p. S18. 
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There are occasions in life in which a great mind lives 
years of rapt enjoyment in a moment. I can fancy the emo- 
tions of Galileo, when first raising the newly constructed 
telescope to the heavens, he saw fulfilled the grand prophecy 
of CoPEBNious, and beheld the planet Venus crescent like 
the moon. It was such another moment as that when the 
immortal printers of Meutz and Strasburg received the first 
copy of the Bible into their hands, the work of their divine 
Art ; — like that when Columbus, through the gray dawn of 
the 12th of October, 1492, (Copernicus, at the age of eigh- 
teen, was then a student at Cracow,) • beheld the shores of 
San Salvador; — like that when the law of gravitation first 
revealed itself to the intellect of Newton ; like that when 
Pbanklin saw by the stifiening fibres of the hempen cord of 
his kite, that he held the lightning in his grasp ; like that 
when Leverbieb received back from Berlin the tidings 
that the predicted planet was found. 

Yes, noble Galileo, thou art right, E pur si muove. ** It 
does move." Bigots may make thee recant it ; but it moves 
nevertheless. Yes, the earth moves, and the planets move, 
and the mighty waters move, and the great sweeping tides 
of air move, and the empires of men move, and the world of 
thought moves, ever onward and upward to higher facts and 
bolder theories. The Inquisition may seal thy lips, but they 
can no more stop the progress of the great truth propounded 
by CoPEBNicus and demonstrated by thee, than they can 
stop the revolving earth. 

Close now, venerable sage, that sightless, tearful eye; it 
has seen what man never before saw ; — it has seen enough. 
Hang up that poor little spy-glass; it has done its work. 
Not Hebsghel nor Eosse has comparatively done more. 
Franciscans and Dominicans deride thy discoveries now, but 

* Koi)eniik et sea Travaux, par Jean Csynski, p. 29. 
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the time will come, when from two hundred observatories 
in Europe and America, the glorious artillery of science shall 
nightly assault the skies, but they shall gain no conquests in 
thase glittering fields before which thine shall be forgotten. 
Best in peace, great Columbus of the heavens, like him 
scorned, persecuted, broken-hearted ; in other ages, in distant 
hemispheres, when the votaries of science, with solemn acts 
of consecration shall dedicate their stately edifices to the 
cause of knowledge and truth, thy name shall be men- 
tioned with honor! 

It is not my intention, in dwelling with such emphasis 
upon the invention of the telescope, to ascribe undue impor- 
tance, in promoting the advancement of science, to the 
increase of instrumental power. Too much, indeed, cannot 
be said of the service rendered by its first application in con- 
firming and bringing into general repujbe the Gopernican sys- 
tem ; but for a considerable time, little more was effected by 
the wondrous instrument, than the gratification of curiosity 
and taste by the inspection of the planetary phases, and the 
addition of the rings and satellites of Saturn to the solar fam- 
ily. Newton, prematurely despairing of any further im- 
provement in the refracting telescope, applied the principle 
of reflection, and the nicer observations now made, no doubt 
hastened the maturity of his great discovery of the law of 
gravitation ; but that discovery was the work of his transcen- 
dent genius and consummate skill. 

With Bradley in 1741, a new period commenced in instru- 
mental astronomy, not so much of discovery as of measure- 
ment. • The superior accuracy and minuteness, with which 



•Dr. BowDiTCH, In his admirable article In the North American Rerlew, Vol. XX, p. 
810. The value of Bradlsy's observations maybe estimated Arom the labor 
bestowed upon their redaction by B]EaSEi.L as late as 1818, In his ** ftindamenta astron- 
omliB pro anno MDCCLV, deducta ex observatlonlbus viri incomparalHlU Jaiibs 
Bradlst.'' 

8 
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the motions and distances of the heavenly bodies were now 
observed, resulted in the accumulation of a mass of new 
materials both for tabular comparison and theoretical specu- 
lation. These materials formed the enlarged basis of astro- 
nomical science between Nbwtok and Sir William Hee- 
SGHEL. His gigantic reflectors introduced the astronomer to 
regions of space before unvisited, extended beyond all pre- 
vious conception the range of the observed phenomena, and 
with it proportionably enlarged the range of constructive 
theory. The discovery of a new primary planet and its 
attendant satellites was but the first step of his progress into 
the labyrinth of the heavens. Ooutemporaneously with his 
observations, the French astronomers, and especially La 
Place, with a geometrical skill scarcely if at all inferior to 
that of its great author, resumed the whole system of New- 
ton, and brought every phenomenon observed since his time 
within its laws. DifBculties of fact with which he struggled 
in vain, gave way to more accurate observations, and prob- 
lems that defied the power of his analysis yielded to the 
modem improvements of the calculus. 

But there is no ultima Thuh in the progress of science. 
With the recent augmentations of telescopic power, the 
details of the nebular theory proposed by Sir W. Hebsohel 
with such courage and ingenuity have been drawn in ques- 
tion. Many — most — of those milky patches in which he 
beheld what he regarded as cosmical matter, as yet in an 
unformed state, — the rudimental material of worlds not yet 
condensed, — have been resolved into stars as bright and 
distinct as any in the firmament I well recall the glow of 
satisfaction, with which on the 22d of September, 1847, 
being then connected with the University at Cambridge, I 
received a letter from the venerable director of the observa- 
tory there, beginning with these memorable words: "You 
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will rejoice with me that the great nebula in Orion has 
yielded to the powers of our incomparable telescope ! • • 
It should be borne in mind, that this nebula, and that of 
Andromeda (which has been also resolved at Cambridge) 
are the last strongholds of the nebular theory."* 

But if some of the adventurous speculations built by Sir 
William Hebschel on the bewildering revelations of his 
telescope has been since questioned, the vast progress which 
has been made in sidereal astronomy, (to which, as I under- 
stand, the Dudley Observatory will be particularly devoted,) 
the discovery of the parallax of the fixed stars, the investi- 
gation of the interior relations of binary and triple systems 
of stars, the theories for the explanation of the extraor- 
dinary, not to say fantastic, shapes discerned in some of 
the nebulous systems, — whirls and spimls radiating through 
spaces as vast as the orbit of Keptune,t — the glimpses at 
systems beyond that to which our sun belongs, — these are 
all splendid results, which may fairly be attributed to the 
school of Hebschel, and will forever insure no secondary 
place to that name in the annals of science.l 

In the remarks which I have hitherto made, I have had 
mainly in view the direct connection of astronomical science 
with the*uses of life and the service of man. But a generous 
philosophy contemplates the subject in higher relations. It 
is a remark as old at least as Plato, and is repeated from him 
more than once by Oigebo, that all the liberal arta have a 
common bond and relationship. ^ The difibrent sciences con- 
template as their immediate object the different departments 



• AnniilB of the Observatory of Hartford College, p. czxi. 

t See the remarkable memoir of Professor Alexander, " on the orl|{in of the formii 
and the present condition of some of the clusters of stars, and several of the Nebolse." 
^Ctoold's Astronomical Journal, Vol. Ill, p. 05. 

X For an analsrsls of the progressive views of Sir W. Hsbschbi. on the Sidereal 
system, see JOude* cT AMtronomie Stellaire, par F. Q. W. Stbuve, pp. 23HM. 

f Archlas, { 1; Be Oratore, Lib. Ill, { 21. 
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of animate and inanimate nature ; but this great system 
itself is but one. Its various parts are so interwoven with 
each other, that the most extraordinary relations and unex- 
pected analogies are constantly presenting themselves ; and 
arts and sciences seemingly the least connected, render to 
each other the most effective assistance. 

The historj' of electricity, galvanism, and magnetism, fur- 
nishes the most striking illustration of this remark. Gom* 
mencing with the meteorological phenomena of our own 
atmosphere, and terminating with the observation of the 
remotest heavens, it may well be adduced on an occasion 
like the present. Fjeianklin demonstrated the identity of 
lightning and the electric fluid. This discovery gave a great 
impulse to electrical research, with little else in view but the 
means of protection from the thundercloud. A purely acci- 
dental circumstance led the physician Galvani at Bologna, 
to trace the mysterious element, nnder conditions entirely 
novel both of development and application. In this new 
form, it became, in the hands of Davy, the instrument of the 
most extraordinary chemical operations; and earths and 
alkalis, touched by the creative wire, started up into metals 
that float on water, and kindle in the air. At a later i>eriod, 
the closest affinities are observed between electricity and 
magnetism, on the one hand ; while on the other, the rela- 
tions of polarity are detected between acids and alkalis. 
Plating and gilding henceforth become electrical processes. 
In the last applications of the same subtle medium, it has 
become the messenger of intelligence across the land and 
beneath the sea ; and is now employed by the astronomer to 
ascertain the difference of longitudes, to transfer the beats of 
the clock from one station to another, and to record the 
moment of his observations with automatic accuracy. How 
large a share has been borne by America in these magnifi- 
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cent discoveries and applications, among the most brilliant 
achievements of modern science, will sufficiently appear from 
the repetition of the names of Fbanklin, Henry, Mobse, 

WAIiKBB. MiTCHBL, LOGKE, and BOND. 

It has sometimes happened, whether from the harmonious 
relations to each other of the different departments of 
science, or from rare felicity of individual genius, that the 
most extraordinary intellectual versatility has been mani- 
fested by the same person. Although ^^ewton's transcendent 
talent did not blaze out in childhood, yet as a boy he 
discovered great aptitude for mechanical contrivance. His 
water-clock, self-moving vehicle, and mill were the wonder 
of the village; the latter propelled by a living mouse. 
Sir Dav^d Brewsteb represents the accounts as differing, 
whether the mouse was made to advance ''by a string 
attached to its tail," or by ''its unavailing attempts to reach 
a portion of corn placed above the wheel." It seems more 
jreasonable to conclude that the youthful discoverer of the 
law of gravitation intended, by the combination of these 
opposite attractions, to produce a balanced movement. It 
is consoling to the average mediocrity of the race to per- 
ceive in these sportive essays, that the mind of Newton 
passed through the stage of boyhood. But emerging from 
boyhood, what a bound it made as from earth to heaven ! 
Soon after commencing Bachelor of arts, at the age of 
twenty-four, he untwisted the golden and silver threads 
of the solar spectrum ; simultaneously, or soon after, con- 
ceived the method of fluxions ; and arrived at the elemental 
idea of universal gravity, before he had passed to his 
Master's degree.* Master of arts, indeed! That degree, 
if no other, was well bestowed. Universities are unjustly 
accused of fixing science in stereotype. That diploma is 

*Bir David Bbbwbteb's 1Mb of Newton, chapter UI. 
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enough of itself to redeem the honors of academical parch- 
ment from centuries of learned dullness and scholastic 
dogmatism. 

But the great object of all knowledge is to enlarge and 
purify the soul, to fill the mind with noble contemplations* 
and to furnish a refined pleasure. Oonsidering this as the 
ultimate end of science, no branch of it can surely daim 
precedence of astronomy. TSo other science fiirnishes such 
a palpable embodiment of the abstractions which lie at the 
foundation of our intellectual system; the great ideas of 
time, and space, and extension, and magnitude, and 
number, and motion, and power. How grand the concep- 
tion of the ages on ages required for several of the secuUur 
equations of the solar system; of distances from which 
the light of a fixed star would not reach us in twenty 
millions of years;* of magnitudes compared with which 
the earth is but a football; of starry hosts, suns like our 
own, numberless as the sands on the shore ; of worlds and 
systems shooting through the infinite spaces, with a velocity 
compared with which the cannon ball is a way-worn, heavy- 
paced traveler! 

Much, however, as we are indebted to our observatories 
for elevating our conceptions of the heavenly bodies, they 
present even to the unaided sight scenes of glory which 
words are too feeble to describe. I had occasiout a few 
weeks since, to take the early train from Providence to 
Boston; and for this purpose rose at two o'clock in the 
morning. Everything around was wrapt in darkness and 
hushed in silence, broken only by what seemed at that 
hour the unearthly clank and rush of the train. It was 
a mild, serene, midsummer's night, — the sky was without 
a doud, — the winds were whist. The moon, then in the 

*NzGHOi«*8 Arebltectiure of tlie HeAveiu, p, 100. 
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last quarter, had just risen, and the stars shone with a 
spectral lustre but little affected by her presence. Jupiter, 
two hours high, was the herald of the day; the Pleiades 
just above the horizon shed their sweet iufluence in the 
east; Lyra sparkled near the zenith; Andromeda veiled 
her newly discovered glories from the naked eye in the 
south; the steady pointers far beneath the pole looked 
meekly up from the depths of the north to their sovereign. 

Such was the glorious spectacle as I entered the train. 
As we proceeded, the timid approach of twilight became 
more perceptible; the intense blue of the sky began to 
soften; the smaller stars like little children, went first 
to rest; the sister-beams of the Pleiades soon melted 
together; but the bright constellations of the west and 
north remained unchanged. Steadily the wondrous trans^ 
figuration went on. Hands of angels hidden from mortal 
eyes shifted the scenery of the heavens; the glories of 
night dissolved into the glories of the dawn. The blue 
sky now turned more softly gray; the great watch-stars 
shut up their holy eyes; the east began to kindle. Faint 
streaks of purple soon blushed along the sky ; the whole 
celestial concave was filled with the inflowing tides of the 
morning light, which came pouring down from above in 
one great ocean of radiance ; till at length, as we reached 
the blue hills, a flash of purple fire blazed out from above 
the horizon, and turned the dewy tear-drops of fiower and 
leaf into rubies and diamonds. In a few seconds, the ever- 
lasting gates of the morning were thrown wide open, and 
the lord of day, arrayed in glories too severe for the gaze 
of man, began his state. 

I do not wonder at the superstition of the ancient 
Magians, who in the morning of the world went up to the 
hill tops of Central Asia, and ignorant of the true Ood. 



Ix INTRODUCTION. 

adored the most glorious work of his hand. But I am 
filled with amazement, when I am told that in this enlight- 
ened age, and in the heart of the Christian world, there 
are persons wlio can witness this daily manifestation of the 
power and wisdom of the Creator, and yet say in their 
hearts, "There is no God." 

Numerous as are the heavenly bodies visible to the naked 
eye, and glorious as are their manifestations, it is probable 
that in our own system there are great numbers as yet 
undiscovered. Just two hundred years ago this year, 
HuYGHBNS announced the discovery of one satellite of 
Saturn, and expressed the opinion that the six planets and 
six satellites then known, and making up the i)erfect 
number of twelve composed the whole of our planetary 
system.* In 1729, an astronomical writer came to the 
conclusion that there might be other bodies in our system, 
but that the limit of telescopic power had been reached, 
and no further discoveries were likely to be made.t The 
orbit of one comet only had been definitely calculated. 
Since that time the power of the telescope has been 
indefinitely increased; — two primary planets of the first 
class, ten satellites,}: and forty-three small planets revolving 
between Mars and Jupiter have been discovered, the orbits 
of six or seven hundred comets, some of brief period, have 
been ascertained; — and it has been computed that hundreds 
of thousands of these mysterious bodies wander through 
our system. There is no reason to think that all the 
primary planeta which revolve about the sun, have been 
discovered. An indefinite increase in the number of 



• Memoin of the American Academy of Arts and Sciences, New Series, Vol. HI, 
p. 282. 

t Admiral Sxyth*s Celestial Cycle, Vol. 1, p. 196. 

t This computation of the number of satellites disoovered since 1720 assumes six as 
the number of those of Uranus. See J. R. Hind's Solar System, p. 175b 
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asteroids may be anticipated; while outside of Neptune, 
between our san and the nearest fixed star, supposing the 
attraction of the sun to prevail through half the distance, 
there is room for ten more- primary planets, succeeding each 
other at distances increasing in a geometrical ratio. The 
first of these will unquestionably be discovered as soon as 
the perturbations of Neptune shall have been accurately 
observed;— and with maps of the heavens, on which the 
smallest telescopic stars are laid down, any one of them 
may be discovered much sooner.* 

But it is when we turn our observation and our thoughts 
from our own system, to the systems which lie beyond it in 
the heavenly spaces, that we approach a more adequate con- 
ception of the vastness of Greation. All analogy teaches us 
that the sun which gives light to us is but one of those count- 
less stellar fires which deck the firmament, and that every 
glittering star in that shining host is the centre of a system, 
as vast and as full of subordinate luminaries as our own. 
Of these suns, — centres of planetary systems, — thousands 
are visible to the naked eye, millions are discovered by the 
telescope. Sir John Hebsohel, in the account of his oper- 
ations at the Gape of Q^>od Hope, t calculates that about five 
and a half millions of stars are visible enough to be di«- 
Unctty counted in a twenty foot reflector in both hemispheres. 
He adds that " the actual number is much greater, there can 
be little doubt. His illustrious father estimated on one occa- 
that 125,000 stars passed through the field of his forty foot 
reflector in a quarter of an hour. This would give 12,000,000 
for the entire circuit of the heavens, in a single telescopic 
zone ; and this estimate was made under the assumption that 



* Lkvsbbibr, Oompie Renda, 5th Oct., 1846, p. 669. Prooeedlngs of American Academy 
of Arts and Bdenoea, Vol. I., p. ITL 

tHesnlta of Ajrtronomieal Oliflflrvattona mada dortng the yean 18M<a, at the Cape of 
Good Hope, pw 88L 
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thenebnte were masses of laminous matter not yet con- 
densed into suns. 

These stupendous calculations^ however, form but the first 
column of the inventory of the universe. Fiunt white specks 
are visible even to the naked eye of a practised observer in 
different parts of the heavens. Under high magnifying 
powers, several thousands of such spots are visible, — no 
longer, however, faint white specks, but many of them 
resolved by powerful telescopes into vast aggregations of 
stars, each of which may with propriety be compared with 
the milky way of our system. Many of these nebulae, 
however, resisted the power of Sir. Wh. Hebsohel's great 
reflector, and were accordingly still regarded by him as 
masses of unformed luminous matter. This, till a few 
years since, was perhaps the prevailing opinion, — and the 
nebular theory filled a large space in modem astronomical 
science. But with the increase of instrumental power, 
' especially under the mighty grasp of Lord Bosse*s gigantic 
reflector and the great refractors at Pulkova and Gam- 
bridgCr the most irresolvable of these nebnIsB have given 
way ; and the better opinion now is, that every one of them 
is a galaxy, like our own milky way, composed of millions 
of suns. In other words, we are brought to the bewildering 
conclusion, that thousands of these misty specks, the greater 
part of them too faint to be seen by the naked eye, are, not 
each a universe like our solar system, but each a " swarm *' 
of universes of unappreciable magnitude.* The mind sinks 
overpowered by the contemplation. We repeat the words, 
but they no longer convey distinct ideas to the under- 
standing. 

But these conclusions, however vast their comprehension, 
carry us but another step forward in the realms of sidereal 

• HuifBOuyr's Cosmos, Vol. Ill, p. 44, Ottb's Translation. 
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astronomy. A proper motion in space of our sun and of 
the fixed stars, as we call them, has long been believed to 
exist. Their vast distances only prevent its being more 
apparent. The great improvement which has taken place 
in instniments of measurement within the last generation, 
has not only established the existence of this motion but 
has pointed to the region in the starry vault, around which 
our whole solar and stellar system, with its myriad of 
attendant planetary worlds, appears to be performing a 
mighty revolution. If, then, we assume that outside of the 
system to which we belong, and in which our sun is but a 
star like Aldebaran or Sirins, the different nebulas of which 
we have spoken, thousands of which spot the heavens, con- 
stitute each a distinct family of universes, we must, follow- 
ing the guide of analogy, attribute to each of them also, 
beyond all the revolutions of their individual attendant 
planetary systems, a great revolution, comprehending the 
whole ; while the same course of analogical reasoning would 
lead us still further onward, and in the last analysis, require 
us to assume a transcendental connection between all these 
mighty systems, — a universe of universes, circling round m 
the infinity of space, and preserving its equilibrium by the 
same laws of mutual attraction, which bind the lower worlds 
together.* 

It may be thought that conceptions like these' are calcu- 
lated rather to depress than to elevate us in the scale of 
being ; that banished as he is by these contemplations to a 
comer of creation, and there reduced to an atom, man sinks 
to nothingness in this infinity of worlds. But a second 
thought corrects the impression. These vast contemplations 



* For popular Tlews of the present state of science In the department of sidereal 
astronomy, see Sir Johk HancREL's Outlines, part III ; mmmelskunde volksfiuMlich 
Ijearbeltet von H. A. Stbbn, pp. 258-819; and Etudes d' astronomic Stellalre, par F. G. 
W.STBinnB. 
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are well calculated to inspire awe^ bat not abasement- 
Mind and matter are incommensurable. An immortal soul* 
even while clothed in this " muddy vesture of decayt" is in 
the eye of God and reasout a purer essence than the brightest 
sun that lights the depths of heaven. The organized human 
eye, instinct with life and spirit* which, gazing through the 
telescope, travels up to the cloudy speck in the handle of 
Orion's sword, and bids it blaze forth into a galaxy as vast 
as ours, sta.nds higher in the order of being than all that 
host of luminaries. The intellect of Nbwton, which discov* 
ered the law that holds the revolving worlds together, is a 
nobler work of God than a universe of universes of unthink* 
ing matter. 

If still treading the loftiest paths of analogy, we adopt the 
supposition, —^ to me I own the grateful supposition, — that 
the countless planetary worlds which attend these countless 
suns, are the abodes of rational beings like man, instead of 
bringing back from this exalted conception a feeling of 
insignificance, as if the individuals of our race were but poor 
atoms in the infinity of being, I regard it, on the contrary, 
as a glory of our human nature* that it belongs to a family 
which no man can number, of rational natures like itself. 
In the order of being they may stand beneath us, or they 
may stand above us ; he may well be content with his place 
who is made a little lower than the angels." * 

Finally, my friends, I believe there is no contemplation 
better adapted to awaken devout ideas than that of the 
heavenly bodies ; no branch of natural science which bears 
clearer testimony to the power and wisdom of God, than 
that to which you this day consecrate a temple. The heart 



* For tome interesting views of the oontroveny wlileh had its origin in the ingenious 
Essay "of the PloraUty of Worlds," see ProHwaor Baobw Fowxll's "Essays on tha 
Spirit of the Inductiye Fliilosophy, the Unity of the Worlds, and the FhUosophy of 
OreaUon." 
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of the ancient world, with all the prevailing ignorance of the 
tme nature and motions of the heavenly orbs, was religionsly 
impressed by their survey. There is a passage in one of 
those admirable philosophical treatises of Oigebo, composed 
in the decline of life, as a solace under domestic bereavement 
and patriotic concern at the impending convulsions of the 
State, in which, quoting from some lost work of Abistotle, 
he treats the topic in a manner which almost puts to shame 
the teachings of Ghristian wisdom : — 

'^Praeclare ergo Aristoteles, ^si essent/ inquit, qui sub 
terra semper habitavissent, bonis et illustribus domiciliis qusB 
essent omata signis atque picturis, instructaque rebus iis 
omnibus, quibus abundant ii qui beati putantur, nee tamen 
exissent unquam supra terram; accepissent autem fama et 
auditione, esse quoddam numen et vim Deorum ; deinde 
aliquo tempore, patefactis terrsB faucibus, ex illis abditis 
sedibns evadere in haec loca quae nos incolimus, atque exire 
potuissent ; cum repente, terram, et maria, coelumqne vidis- 
sent; nubium magnitudinem, ventorumque vim cognovissent, 
aspexissentque solem, ejusque tum magnitudinem pulchritu* 
dinemque, turn etiam e£Beientiam cognovissent, quod is diem 
efficeret, toto coelo luce diffusa ; cum autem terras nox opacas- 
set, tum coelum totum cemerent astris distinctum et omatum, 
lunseque lumiuum varietatem tum crescentis, tum senescentis, 
eorumque omnium ortus et occasus, atque in setemitate rates 
immutabilesque cursus ; hsdc cum viderent, profecto et esse 
Deos, et hmc tanta opera Deorum esse arbitrarentur.** * 

*'Kobly does Abistotle observe, that if there were beings 
who had always lived under ground, in convenient, nay, mag- 
nificent dwellings, adorned with statues and pictures, and 
everything which belongs to prosperous life, but who had 
never come above ground, — who had heard, however, by 

•CzGKiio de Natoxft Deorum, Lib. n, i 80. 
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' fame and report, of the being and power of the gods, — if at a 
eertain time, the portals of the earth being thrown open, they 
had been able to emerge from those hidden abodes to the 
regions inhabited by us ; when suddenly they had seen the 
earth, the seas, and the sky ; had perceived the vastness of 
the clouds and the force of the winds ; had contemplated the 
sun, his magnitude and his beauty, and still more his effec- 
tual power, that it is he who makes the day by the diffiasion 
of his light through the whole sky; and when night had 
darkened the earth, should then behold the whole heavens 
studded and adorned with stars, and the various lights of the 
waxing and waning moon, the risings and the settings of all 
these heavenly bodies, and their courses fixed and immutable 
in all eternity ; when, I say, they should see these things, 
truly they would believe that there are gods, and that these, 
so great things, are their works.'' 

There is much by day to engage the attention of the obser- 
vatory ; the sun, his apparent motions, his dimensions, the 
spots on his disc, (to us the faint indications of movements of 
unimagined grandeur in his luminous atmosphere,) a solar 
eclipse, a transit of the inferior planets, the mysteries of the 
spectrum; all phenomena of vast importance and interest. 
But night is the astronomer's accepted time ; he goes to his 
delightful labors when the busy world goes to its rest. A 
dark pall spreads over the resorts of active life ; terrestial 
objects, hill and valley, and rock and stream, and the abodes 
of men disappear ; but the curtain is drawn up which con- 
cealed the heavenly hosts. There they shine and there they 
move, as they moved and shone to the eyes of Newton and 
Galileo, of Keppler and Copernicus, of Ptolemy and 
HiPPARGHUS ; yea, as they moved and shone when the morn- 
ing stars sang together, and all the sons of God shouted for 
Joy. All has changed on earth; but the glorious heavens 
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remain unchanged. The plough passes over the site of 
mighty cities* the homes of powerful nations are desolate, the 
languages they spoke are forgotten ; but the stars that shone 
for them are shining for us ; the same eclipses run their 
steady cycle ; the same equinoxes call out the flowers of 
spring and send the husbandman to the harvest ; the sun 
pauses at either tropic as he did when his course began ; and 
sun and moon, and planet and satellite, and star and constel- 
lation and galaxy, still bear witness to the power, the wis- 
dom, and the love which placed them in the heavens, and 
upholds them there. 
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DESCRIPTION OF THE OBSERVATORY. 1 

Description of the Buildings and Instruments. 

The Dudley Observatory is situated in t}ie northwestern 
portion of the Oity of Albany, on an elevation, about 150 feet 
above the mean tide in the Hudson Biver. It is distant from 
the flagstaff on the State Oapitol 4931 feet, and the bearing 
of the latter is 23^ 18' 40r S. W. from the center of the dome. 

The site for the building is probably one of the best that 
could have been chosen in the vicinity of the city ; being 
easy of access, and at the same time sufficiently remote, 
as to be free from every disturbing influence. The horizon is 
clear and unobstructed in every direction, and the i>osition is 
such as to preclude all i>ossibility of interference, if in future 
years, the adjoining lands should be occupied for building 
purposes. 

In the plane of the meridian we have an uninterrupted 
view to the south for more than 12 miles. And we have 
taken advantage of this circumstance in the establishment of 
two meridian marks, distant six and twelve miles respectively. 
In the locating of these marks, I am indebted to the kind 
assistance of Mr. Edmund Blunt, of Brooklyn. To the 
north, the brow of a hill, about one mile distant, affords an 
admirable site for the erection of a stone pier, on which could 
be mounted a small sphere of mercury, like an ordinary ther- 
mometer bulb. This would probably be distinctly visible at 
all times of the day, and would be a fixed i>oint for reference. 

The grounds comprise about eight acres, and include the 
whole of the more elevated i>ortion of the hill, which slopes 
off gradually in every direction. The surface soil is of a yel- 
low loam, or more correctly, moulding sand. In some por- 
tions, at the distance of two or three feet below the surface, a 
bed of sand and gravel is found of about one foot in thickness. 
Beneath this is fine sand interspersed with layers of clay. 



2 DBfiCMPTlON OF THE OBSBKVATOBY. 

The following plan of the grounds will show the relative 
sitaation of the varions buildings : 




Plan of (he grounds qf the Dudley Obeervatary. 
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The grounds tiiive beeu partially laid oat with walks, and 
several hundred beautiful shade trees have been planted, in 
situations best calculated to protect the buildings from the 
influence of the wind. 

The observatory occupies the central and most elevated 
portion of the failL The dwelling house is situated near the 
main entrance to the grounds, at a distance of 320 feet from 
the Observatory* It is built of brick, and is 42 feet by 50 
feet ; being three stories high, with a basement 

The gas-works, used for manufacturing gas, after the plan 
of Mr. AuBiN, is distant 270 feet, and is about 30 feet lower. 
The Lodge occupied by the Janitor is distant 380 feet, and 
stands 10 feet lower than the observatory. The Kew York 
Central Bail Boad, passes around the ncnrtheast comer of the 
grounds. During the passage of a train of cars, a slight 
tremor is noticeable when making observations with an art!- 
flcal horiaon, or the declinometer^ In fact, so delicate is the 
latter instrument, that the comparative amoimt of the dis- 
turbance is readily read from the fixed scale, varying from 
0^.25 to 1^6, depending on the distance of the disturbing 
cause. It is even perhaps possible, to determine in absolute 
numbers, the hight of one of these disturbing waves. But 
the problem is one of curiosity, rather than of scientific value. 

From a careful and extended series of observations with 
the Olcott Meridian Oirele and the Transit instrument, made 
especially for this purpose, we have become fully satisfied 
that this tremor has no appreciable effect on the stability and 
adjustments of the instruments, or on the accuracy of astrono- 
mical observations. Aside from direct observation, the uni- 
form value of the Level and Azimuth errors, show conclusively 
that the disturbance from this cause is inappreciable ; since 
these quantities are as constant, as for any instniment of 
which we have the published records. 



4 DESCRIPTION OF THE OBSERVATORY. 

The acoompanyiDg lithographic views will serve to illus- 
trate the style of architecture, and the following g^nnd plan 
will show the arrangement of the rooms, and the position of 
the principal instruments. 
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Oraundplan of the Dudley Observatory. 



a. Front entfance, piazza. 
I. Base of Equatorial pier. 

c. Olcott Meridian Gircle, room 22 feet 9 inches, by 35 feet 
7 inches. 

d. Transit Eoom, 22 feet 7 inches, by 35 feet 4 inches. 

e. Hall ; entrance to Library and stairs leading to Dome. 
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/ Library, 23 feet 3 inches, by 17 feet 6 inches, with cased 
for books on the east and west sides. 

g. Oomputing Soom, 10 feet 4 inches, by 14 feet. 

&. Ohronograph Boom, 8 feet 6 inches, by 10 feet 4 
inches. 

i. Cabinet 

y. Hall leading to the cellar. 

%. Computing Boom, 10 feet 4 inches, by 14 feet. 

I. Sleeping Boom, 8 feet 6 inches, by 10 feet 4 inches. 

m. Cabinet. 

n. HaU, communicating with side entrance. 

0. Clock Boom ; pier for standard sidereal clock. 

j>. j/. Collimator piers for Olcott Meridian Circle. 

y ff. Collimator piers for Transit. 

t. U Olcott Meridian Circle piers. 

1. 1. Transit piers. 

X. Bailway track, for observing chair and reversing appa- 
ratus. 

a!. Bailway for Transit. 

r. Turn table, for the Olcott Meridian Circle reversing 
apparatus. 

€( a." Side entrances. 

z. Stairs leading to cellar. 

The stars show the position of the gas burners. 

Directly opposite to the front entrance, is a niche cut in the 
base of the Equatorial pier, in which is placed a bust in mar- 
ble, executed by Palmeb, of the Hon. Chables E. Dudley. 
On the right of the entrance is a marble dial of the magnetic 
mean-time clock, the pendulum of which occupies the left of 
the entrance. Ifear the middle of the east and west sides 
of the hall, are portraits in oil and marble slabs, commemora- 
tive of the former director. Prof. (3. M. Mitghel, and the 
assistant astronomer, Mr. August Sontag. On the north 
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wall aie maiUe dabs, on wbich nxe inscribed the names of 
the Donors. 

The foundation vails of the boOding are of limestone laid 
in mortar. On the top of this is six feet of sandstone, the 
remaining portion of the walls are brick. 

The building is one story in height ; the distance fix>m the 
water-table to the eaves being 21 feet. The roof is nearly 
flat and is covered with tin, heavily coated with paint, and is 
found to be perfectly watw tight. 

The distance between the floor and ceiling is the same for 
all the rooms, and is 14 feet 6 inches. 

There is a cellar underneath the whole building. This is 
used for the furnace, batteries, work shop and other purposes. 
The furnace is placed directly under the room h Only the 
north part of the building is heated, including the library 
and rooms acUoining. As the meridian rooms are separated 
from the heated portion, by the side entrance halls, no heat 
can pass into them. 

The walls for supporting the revcdving dome are built of 
brick, two feet thick. The height of the cap-stone, on which 
the equatorial pier rests, is 18 ft. 7 in. above the floor of the 
meridian rooms. The equatorial room is reached by a wind- 
ing stairway, shown in the ground plan at «. 

The dome is a cylinder of 15 ft. in height, and 22 ft. inside 
diameter, framed of scantling, and covered on the inside and 
outside with three^uarter inch pine. It rests on a cylindrical 
foundation of wood, at a distance of 7 ft. above the base of 
the pier. On tiie top of this foundation is a bed-plate of cast 
iron, 9 inches in width, hollowed in the middle ; a similar 
bed-plate is bolted to the under section of the dome ; and 
between them are placed 15 cast-iron balls, 7 inches in diam- 
eter, upon which the dome revolves. Soon after the comple- 
tion of the dome, it was found that the balls were liable 
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to become unequally distributed. In order to prevent tbis, 
they were provided with axes, and mounted in a wrought- 
iron frame. When the dome revolves, this frame is carried 
along with the balls. 




Machinery for moving the Dome. 
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For turning the dome, a series of toothed cast*iron plates 
having a radius of 11 feet, are bolted fast to the upper bed- 
plate, forming an immense contrate cog-wheel, 22 feet in 
diameter. A section of this bed-plate and cog-wheel is 
shown in the preceding figure ; which also exhibits the gear- 
ing employed for communicating motion to the dome. 

The wheel gearing into the bed-plate is 2 ft. 7 in. in 
diameter. This again is geared into a pinion 6 inches in 
diameter, carrying a cog-wheel of the same size as the former, 
which again is geared into a pinion of one foot in diameter, 
to which motion is communicated by means of the crank 
wheel. The whole of this gearing is let into the wall ; the 
handle wheel alone being on the outside. 

On the inside of the dome, guides are attached to the lower 
bed-plate to keep it in its place, and to prevent its being dis- 
turbed by heavy gales of wind. The openings for the tele- 
scope are 4 feet wide, extending from 3 degrees beyond the 
zenith to as many below the horizon; the entire aperture 
being available. The shutters consist of two pairs, one pair 
on the side and one on the top. The upper shutters are 
opened by means of ropes passing over pulleys on the out- 
side, and entering the dome on the sides. They are also 
nearly counterpoiseil, so that but little eflTort is necessary to 
raise them. The side shutters are secured by spring bolts, 
and are opened from the floor, by raising the bolts by means 
of small cords passing over pulleys. The opening and closing 
is very expeditious, since it requires less than two minutes to 
accomplish it. Besides these openings, the dome is provided 
with seven windows, arranged at equal distances apart. 
When these are opened, it requires but a few minutes to 
equalize the inside and outside temperature, which is a great 
desideratum in observations on diflScult objects. Near the 
top of the side opening, a half inch iron rod connects the 
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two portions together, to secure greater gtreogth and dura- 
bility. It seldom happens that the rod is directly in the field 
of vision, and when it does occur, it makes but little differ- 
ence ; since the amount of light cut off is so small as not to 
be notieable. 

On the outside of the dome, and extending nearly around 
it, is an iron w^lk and railing ; this is occasionally used for 
making observations with the Oomet-seeker. From it we 
have a magnificent view of the city, river, and surrounding 
scenery. 

The foundation pier, for supporting the Equatorial, is ten 
feet square, built of limestone laid in cement. The founda- 
tion is twelve feet below the surface of the cellar, resting on 
a bed of coarse sand and gravel. This makes the whole 
height of the pier, to the base of the cap-stone about 40 feet. 
The Equatorial telescope is supported on a block of Lockport 
limestone of the following dimensions : base, 2 ft. 3 in. by 5 
ft. 11 inches ; height, 8 ft. 10 in. on the north side, by 6 ft. 1 
in. on the south. At the height of 6 feet from the base, the 
size is 1 foot by 3 ft. 6 in. The general shape of the pedestal 
will best be understood by reference to the drawing, Plate la. 



The Equatorial Refractor. 

A perspective view of this instrument is seen in Plate la. 
The object-glass was made by Mr. Henry Pitz, of New York 
city ; and is of 13 inches clear ai)erture. The focal length is 
15 feet 2 inches. The mountings are mostly of cast iron. 
The distance from the object-glass to the center of the polar 
axis is 8 feet; and from the eye end to the same point 7 feet 
2 inches. The center of motion of the telescope, is 10 feet 2 
inches above the floor of the dome. The tube is of mahogany, 
constructed by gluing together narrow strips of about one 
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inch in width. Two wooden rods attached to the sides of the 
tube, by means of a universal joint near the middle or center 
of motion, serve to counteract the flexure, and preserve the 
balance of the instrument. These rods are also used as 
handles by which to direct the telescope. 

The distance from the center of the cast-iron cradle, in 
which the tube rests, to the center of the polar axis, is 19 
inches. The whole length of the equatorial axis is 6 feet 10 
inches. The telescope is poised with reference to this axis, by 
a brass cylinder attached at it<s extremity. 

The polar axis is 3 feet in length, and 6 inches in diameter ; 
it is supported on 4 friction wheels 3^ inches in diame- 
ter. The bed-plate on which the polar axis rests, is of cast- 
iron 2 feet 10 inches long, 9^ inches wide, and one inch 
thick ; this is firmly bolted to the upper surface of the stoDC 
pier. The iron frame for supporting the telescope is 2 feet 
8 inches long, 8 inches wide, and 2f inches thick. This 
frame is fastened to the bed-plate by 6 steel screws. The 
instrument is provided with the necessary screws, for adjust- 
ing the azimuth and inclination of the polar axis. The lower 
end of the polar axis rests against a strong steel screw, by 
means of which the necessary adjustment can be made. 

The circles for right ascension and polar distance, are each 
20 inches in diameter, made of cast-iron inlaid with a rim 
of brass. They are each read by two verniers, the right 
ascension to seconds of time, and the declination to 20 
seconds of arc 

Sidereal motion is communicated to the telescope, by means 
of a clock regulated by a fan, and half-seconds pendulum. 

The finder telescope is 34.5 inches focal length, and 2 
inches aperture. 

There are six negative eye pieces varying from a power of 
90 up to 800. 
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The parallel wire micrometer is of the usual form. The 
I>ositiou circle is 5 inches in diameter, and is read by two 
yemiers to minutes of arc. The head of the micrometer 
screw is divided into one hundred equal parts, each being a 
little less than one-tenth of a second of arc. The value of 
one revolution of the screw is 11".670 at 60° Fahrenheit. 

The micrometer eye pieces are six in number, varying from 
a power of 100 up to 1000. 

Gas burners, connected with flexible rubber tubes, are at- 
tached to the pier for illuminating the micrometer wires, and 
for reading the circles. On the south side of the dome, a 
sidereal clock is set in the wall, which can be regulated by 
electrical connection with the standard. Wires are also con- 
nected with the telescope tube, for recording observations on 
the chronograph. 

Hie Olcott Meridian Circle. 

This Instniment is mounted in the east wing of the 
building. The foundation of the piers is on a bed of sand 
and gravel, about 10 feet below the floor of* the cellar. 
The base, for supporting the piers, is built of limestone laid 
in cement, and is 8 feet 3 inches by 6 feet 3 inches. There is 
a cap-stone placed on the top, with the upper surface on a 
level with the floor, of the following dimensions : length, 8 
feet 6 inches ; breadth, 6 feet 5 inches ; and thickness, 1 foot. 
This cap-stone weighs about four and three-quarter tons. In 
the center of the cap-stone, a quadrangular hole is cut, of 15 
inches by 18 inches, in which the artificial horizon is placed. 

The piers on which the instniment is mounted are of Lock- 
port limestone, and are of the following dimensions: base, 
6 feet by 2 feet 4 inches; height, 9 feet 4 inches; size at 
top, 2 feet by 3 feet 6 inches. They are sloping on three 
sides ; the curve commencing at the bottom and extending 
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to half the height of the pier. The radius of curvature for 
the north and south surfaces is 9 feet, for the inner surface, 
30 feet. 

The weight of each pier is estimated at nearly seven and 
one-half tons. From these dimensions, it would appear that 
they are among the largest in use in any observatory, and 
are probably the largest to be found of limestone. 

There are two collimator jners, one north and the other 
south, at a distance of 14 feet from the center of the axis of 
the meridian circle. They have a base of 2 feet by 3 feet, 
and are built from the foundation of solid blocks of lime- 
stone, well cut on tMe upper and lower surfaces, and for the 
portion rising above the floor, likewise on the sides. 

The slits for both meridian rooms are 2 feet wide, begin- 
ning at the north and south sides at 5 feet 8 inches above the 
floor. These are provided with six shutters each, four for 
the roof and one for each end. The roof shutters are opened 
and closed by a system of gearing, placed between the roof 
and ceiling, being nearly all hidden from sight. Two vertical 
rods, with cranks attached, are fastened to the inside walls ; 
by turning these cranks the middle shutters are elevated, 
leaving the opening entirely free and unobstructed. Behind 
the collimator-piers are also vertical shafts by which the 
remaining two shutters are raised. The end shutters are 
secured by spring bolts, and are easily opened by detaching 
a catch. It would be impossible to give an adequate idea of 
this machinery without the necessary drawings. We merely 
add, that it is so arranged, that any shutter can ^e left open 
at pleasure, while the others remain closed; but in open- 
ing, it is necessary to begin with the south middle shutter. 
They are found to be perfectly tight and weather-proof. The 
only objection is the labor necessary to open and close them, 
and their liability to occasionally get out of order. 
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Plate la, is a perspective view of the Olcott Meridian Circle, 
as seen from the north east. The drawing is on a scale of iV« 

The telescope is of 10 feet focal length, and the objective 
is of 8 inches clear aperture. It was made by Pistor and 
Martins, of Berlin, and completed in 1856. 

The circles are of brass, 36 inches in diameter. The outer 
rim is inlaid with a strip of silver, having a slight inclination 
to the axis, on which are engraved the divisions. They are 
divided to 2^ of arc ; every degree is numbered, and every 
half degree and decade of minutes is so marked, that the 
minutes in the field are at once recognized. On the outer rim 
of the circles is engraved every decade of degrees. In regular 
observations these are no.t used, since the degrees are known 
by the finder circles without the necessity of a second read- 
ing. 

Each circle is read by four microscopes, placed at distances 
of 90^ apart, passing through, and firmly attached to the 
stone piers. The head of the micrometer screws are divided 
into 60 equal parts, and read at once seconds of arc. The 
bisection of the divisions on the circles, is effected by means 
of two parallel wires, separated by a distance of about 20". 
The space between these two wires is bisected by the division, 
when the seconds and tenths are read from the micrometer 
screw-head on the outside. It is our custom to make three 
bisections and readings for each microscope, but only the 
mean, mentally determined, is recorded in the note book. In 
the field of the microscope, there is also a series of notches 
intended to assist the eye in recognizing the proper minute. 
These are not essential, since it is seen at a glance whether 
the minute is even or odd ; and if there should be any doubt, 
the micrometer-head reading will at once decide the point. 
In the drawing, plate la, the letters a, (, c, ^, «, /, ^, 7i, show 
the position of the microscopes ; only c, d and g, A, are visible. 
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The microscopes are 25 inches in length. They are so 
mounted, however, that the metal tube may expand and con- 
tract from the effect of temperature without disturbing the 
focal distance of the lenses. 

The illumination of the circles, and field of the telescope, is 
effected by gas burners indicated by r, v. These burners are 
placed at a distance of 5 feet 10 inches from the extremity 
of the axis. The light for illuminating the circle passes 
through prisms fixed in the stone pier, near the extremity of 
the axis, by which it is directed on a polished silver reflector 
inclined at an angle of 45^, mounted in the outer tube of the 
microscope, by which it is reflected on the limb of the circle. 

It was soon found that these reflectors were liable to tar- 
nish, and absorbed a large proportion of the light. We have 
accordingly removed them, and substituted plain glass mir- 
rors, which never tarnish and give a much better illumina- 
tion. They are a great improvement on the silver reflectors, 
since their adjustments need never be disturbed to polish, as 
is the case with metal. These reflectors or mirrors are per- 
forated in the centre, for observing the limb of the circles 
through the microscopes. 

The supporting axis of the telescope is 3 feet 6.6 inches in 
length, and the portions resting on the supporting levers are 
6.4 inches in diameter. The central cube, which is fastened 
to the tube and axis, is 11.4 inches, and the tube and sup- 
porting axis, where they are fastened to the cube, are each 
12.4 inches in diameter. At the objective and eye ends, the 
tube is 8.4 inches in diameter; the axis rests on two steel 
wheels 3.5 inches in diameter, set in the supporting levers y,y. 

The diameter of the pivots is 2.5 inches. By means of the 
counterpoises f, i, nearly the whole weight of the instrument 
is taken off the Y's| an excess of a few pounds being suffi- 
cient to keep it in position. 
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The central cube is provided with two caps which can be 
unscrewed at pleasure, leaving an opening of two inches in 
diameter. When the telescope is directed to the zenith or 
nadir, the coUimator-telescopes can be adjusted without the 
necessity of disturbing the meridian circle. 

The finder circles o, o, are 10 inches in diameter, and are 
attached to the sides of the tube near the eye end; they 
are divided to 3(K, and are read by means of verniers to V 
of arc. 

The observing couch s, plate la, is built of wrought iron, 
and is so arranged that the observer can elevate himself to 
any required angle of position while in the act of observing. 

Explanation op Plate la. 

a, (, c, c7, «, /, g, A, Microscopes. 

i, ij Counterpoises. 

j\ jj Supporting arms. 

Tcy Hand rod for moving the telescope in zenith distance. 

0, 0, Finding circles. 

f,Py Conical pins in the declinometer arm. 

g, Brass cap on cube. 

r, Turn table, for reversing apparatus. 

«, Observing chair. 

tj Declinometer telescope. 

K, Declinometer arm, for giving angular motion to the 
small telescope t. 

r, V, Gas burners for the illumination of the circles and 
wires. 

The illumination of the wires in the focus of the telescope 
is eflfected by receiving the light on a series of prisms inside 
the tube, after it has passed through the axis, which is perfor- 
ated for this purpose. There are two modes of illumination, 
namely, bright lines on a dark field, and dark lines on a bright 

12 
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field. The amount of the illumination is regulated by means 
of a screw head e, plate 2, placed near the eye end. There is 
also an independent apparatus, consisting of different colored 
glasses placed on the slide i, plate 1, outside and opposite 
to the ends of the axis. This is not essential, however, since 
the illumination is more easily regulated by the observer, 
at the eye end. In our asteroid and zone work, it was found 
desirable to devise some mode by which the illumination 
could be instantly varied at the pleasure of the observer. 
This has been satisfactorily accomplished by means of a 
simple apparatus, which is made to shut off the whole or a 
portion of the light, depending on the motion of a small 
lever. 

The Y-pieces on which the pivots rest are of brass; the 
mode of attachment to the stone pier, will best be understood 
by reference to plate 1, fig. 2, drawn to one-third the full size. 

y, Piece on which the pivots rest. 

fc, fc, Set screws, for holding the T's in position. 

e, ej 9, Screws for adjusting the level. 

d, Steel guide, resting against the end of the pivot. 

/,/, Screws for a(\justing the azimuth. 

The Y-pieces are the same on both sides, with the exception 
that one is adjustable in level, and the other in azimuth. 

Plate 1, fig. 1, is a drawing of the spirit-level on a scale 
of -^i. 

a, a, the arms carrying the inverted Y's. 

c, the level tube, and divided scale. 

i, (, handles. 

In the determination of the level error, the meridian circle 
telescope is turned to a horizontal position, and the level is 
hung on the pivots, when the position of the bubble is read 
from the graduated scale. 

The level error is also found in the usual way, by directing 
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Zj Olamp arm connected with the supporting axis of the 
meridian circle. 

df (!, Cog-wheel gearing, for giving motion to the screw $• 

Sj Screw attached to the clamp arm x. 

kf Hand rod connected with the cog-wheel d. 

p, p, Small brass drums, on which the cords, supporting the 
weights ft*, tr, are wound. 

c, 0, Small pulleys. 

The use of the brass drums p^ p^ is to regulate the amount 
of motion of the meridian circle in zenith distance, in zone 
work. 

These drums are provided with ratchet wheels, so that the 
length of the cord left free to move can be regulated at 
pleasure. 

{, Support for the hand rod Tc 

Plate 4, shows a portion of the inside face of the west pier ; 
scale, IT the full size. 

jy Arm for supporting the telescope, showing the manner 
of resting the axis. 

Xi Glamp. 

m. Hand rod for tightening the clamp x on the axis. 

a, 6, 0, dj Microscopes. 

Plate 5, shows the inside face of the west pier, on a scale of 
iV the full size. 

a, ly c, dy Microscopes. 

Tcy ky Hand rods for giving slow motion in zenith dis- 
tance. 

I, {, Support for the rods %, Ic 

Plate 6, is a vertical and horizontal view of one of the colli* 
mators, drawn on a scale of i. 

The stone piers on which are mounted the collimator t^le- 
soopes have an elliptical hole cut in the cap stone, in which 
the frame supporting the telescopes is placed. The frame is 
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of cast-iron and rests on an iron foundation, by means of the 
three steel screws c, c, c, havinjo: conical points. By turning, 
these screws the telescope can be elevated or depressed at 
pleasure. They also serve to adjust the level of the instru- 
ment. 

a, a, Screws for moving the frame carrying the telescope 
east or west. 

I, hy Screws for adjusting in azimuth. 

y, y, Y's in which the telescope rests. 

d, dj Set screws for clamping, when the necessary adjust-- 
ments have been made. 

The collimator telescopes are of twenty-six inches focal 
length, and two inches clear aperture. 

The portions resting in the Y pieces are cylindrical, and caui 
be revolved so as to occupy any position. 

The wires in the focus of the telescope are four in number,, 
forming a square. They are attached to a plate which can be 
moved by four small screws on the outside of the tube. 

When observations are to be made with them, the Olcott 
Meridian Circle is directed to the nadir, and the caps j, j, are 
taken off, which enables us to view the wires of one collima- 
tion by the other. They are brought in coincidence by mak- 
ing the necessary adjustments. The illumination of the wires 
is efibcted by means of gas burners placed behind the eye end. 
In day light, observations by the gas light can be dispensed 
with, but it is considered preferable to the sky light, since a 
better definition is secured. 

The piers of the meridian circle, as well as those for the 
collimators, are covered with heavy woolen cloth and cased 
in wood ; the better to protect them from sudden changes of 
temperature. 

The meridian circle telescope is reversed by lifting it out 
of its Y's, by means of the reversing apparatus, flg. 1, and 
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carrying it to the south on the iron railway, until midway 
between the circle and collimator-piers. The apparatus is 
then revolved horizontally through 180^, when the telescope 
is again run between the piers and replaced in its Y's in a 
reversed position. 

Fig. 1. 




jReversing Appwratiu. 
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In making observations on the sun, the telescope is pro- 
tected from the direct rays by means of a large screen, having 
an aperture in the center, placed in front of the iDstrument. 
Suitable mechanism is provided for giving the screen the 
desired elevation and angle of position. 

For reflexion observations there is a separate iron track, 
laid about six inches below the surface of the floor, on which 
is placed an iron carriage, supporting a basin of mercury. 
This track is disconnected from the floor of the room, for the 
purpose of securing greater steadiness for the mercury sur- 
face. 

In nadir and refl^ion observations, the eye end of the tel- 
escope is reached by means of a pair of high wooden steps, 
mounted on wheels and running on the iron railway. When 
not in use, these steps are taken off the track and placed in 
one comer of the room. The ceiling of the room is entirely 
of wood, so there is no danger of loose plaster dropping upon 
the instrument. 

Magnetic '* make '' circuit keys are attached to the north 
and south sides df the west pier, for making observations 
by the magnetic method. The clock for indicating the time 
of transit is set in the wall, nearly opposite the east pier. 
It is an ordinary one beating seconds, arranged with an 
electro-magnet placed near the center of oscillation, for put- 
ting it in sympathetic vibration with the standard sidereal 
clock. As observations by the eye and ear method are never 
made (as we prefer the chronographic for circumpolar stars), 
the magnetic mode of regulation is seldom used; since it is 
found to occasion less trouble to set the clock when neces- 
sary, than to keep the battery in order, besides the saving 
of battery elements. 

Tlie object glass is found to give a very clear definition, 
and is almost exclusively used with the full aperture. 
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The Transit Instrtiment. 

This instTument was made by PiSTOii & Martins of Ber- 
lin, and was mounted in the west wing, in the month of 
Jannary, 1863. 

The foundation on which the piers rest, is precisely the 
same as for the Olcott Meridian Circle. The piers are of 
Lockport limestone of the following dimensions : base 2 feet 
by 4 feet; height 7 feet 7} inches; size at the top 1} feet 
by 2 feet. The weight of each pier is estimated at nearly 
four tons. 

Plate Ilia, is a perspective view of tj^e Transit, as seen 
from the south-west, dmwn on a scale of tV the full size. 
In its principal features is similar to the Olcott Meridian 
Circle. The focal length of the telescope is 8 feet, and the 
objective is of 6f inches clear aperture. The defining power 
of the object glass is excellent. The rays from a bright star 
are very short, and are symmetrically distributed around 
the center. 

It is provided with two circles, which are two feet in diam- 
eter^ and are constructed on the plan best adapted to secure 
permanence of figure. The radii, or spokes, are in the form 
of a triangular prism, which gives the greatest strength with 
the least expenditure of metal. 

As it was originally intended to attach the Declinometer 
apparatus to this instrument, one of the circles is undivided, 
and the other only divided to single degrees. If it should 
ever be deemed advisable to complete the divisions, we would 
have IB it an admirable meridian circle. 

The supporting axis is 3 feet 5 inches in length, resting on 
steel wheels set in the arms^, j. The pivots are 2.5 inches in 
diameter. The Y-pieces, on which the pivots rest are slightly 
different from those of the meridian circle. They are made 
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after the plan of a " slide-rest ;** one is acyostable in admnth 
and the other in level. 

The finding circles o, o, are 10 inches in diameter, divided 
to 20 minntes and read by means of verniers to SO' of arc. 
The transit wires are arranged in the same manner as for the 
meridian circle, with the exception that the interval between 
the groups is 6 seconds, and between the wires of the gronp 
3 seconds of time. The eye piece has motion only in a hori- 
zontal direction* There is a single micrometer screw s, for 
giving motion to the vertical wire, used in the determination 
of coUimation and level eirors. The illumination of the wires 
in the focus is effected by the gas burners t?, v^ that designed 
for the illumination of the field entering by one pivot, and 
that for the threads by the other. The amount of the illumi- 
nation can be regulated with the nicest precision, by means 
of the screw-heads I, &, near the eye end. 

Explanation of Platb Ilia. 

«, is a screw-head for giving horizontal motion to the eye 
piece. 

s, is a screw-head for giving motion to the vertical micro- 
meter wire. 

I, i, are screw-heads for regulating the amount of illumina- 
tion. 

0, 0, are the finding circles. 

», n, is the clamp apparatus. 

m, is the hand rod for tightening the clamp on the ads. 

A, is one of the brass arms for moving the telescope in 
zenith distance. 

y,y, are the supporting arms, on which the axis rests. 

{, «, are lead cylinders, enclosed in brass, for relieving the 
pivots of the greater part of the weight of the instrument. 

V, Vi are gas burners for illuminating the wires. 

18 
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c, is a brass cup, for holding the lamp when making obser- 
vations in the nadir. 

tj ty is an iron railway, for the observing chair and revers- 
ing apparatus. 

The telescope is reversed by placing it on an apparatus, 
precisely similar to that used for the meridian circle, fig. 1, 
and carrying it to the north until midway between the colli- 
mator and transit piers, when it is revolved through 180^, 
and placed in the Y's in a reversed position. The mode of 
reversal for both instniments is quite expeditious ; since in 
the observation of Polaris we readily reverse between the 
groups, without the loss of a wire. 

The spirit level is exactly like that used on the meridian 
circle. Advantage has been taken of this circumstance, in 
. the employment of both levels on the same instrument for 
the better determination of the level error. 

The Cimet-seeher. 

The Oomet-seeker was made by Alvak Clark, of Boston, 
and is of 3 feet 6 inches focal length, and 4 inches clear 
aperture. The following is a perspective view of this instru- 
ment. 

It is equatorially mounted, and is provided with right 
ascension and declination circles, of five inches in diameter, 
the former divided to two minutes, and read by a vernier to 
four seconds of time, the latter to half degrees and read by a 
vernier to minutes of arc. 

It is arranged with the necessary adjusting screws for lev- 
eling and bringing the polar axis in the plane of the meridian. 
There are are two negative eye pieces, and one ring-microme- 
ter. It is principally used in searching for new comets, and 
for finding those already discovered. 
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The Chmet-^Mkar, 



S6 DBscaaipnoN of the observatory. 

The Chronograph. 

The invention of the magnetic method of recording transits 
opened a new era in the science <^ astronomy. It is probably 
one of the most important steps in improving instrumental 
astronomy, that haa been made daring the last half century. 

Previous to the introductiGn of this method, various plans 
were adopted for noting the time of any phenomenon. The 
observer in recording the time of transit of a star across the 
wires of his tcdescope, listened to the beats of a clock, placed 
in a convenient position, and by counting the seconds and 
estimating the interval between two successive beats, determ- 
ined the moment when the transit took place. This method, 
which required great skill in the estimation of the intervals 
of time elapsing, was, under the most favorable circum- 
stances, but an approximation. By the new plan an inexpe- 
rienced person will learn to record transits, in a single night, 
with greater precision £han the most accomplished observer, 
after years of practice, by the old eye and ear method. Aside 
from the mere recording of the transits, the new method has 
other and more important advantages. In order to make 
the beats of the clock distinctly audible, it was necessary to 
apply a greater amount of weight, which acted very injuri- 
ously on the going, or rate of the dock* During high winds, 
or when there was noise about the building, the observer 
would sometimes, in the most critical observations, find it 
next to impossible to observe at aU, and when he did succeed, 
there was often unc^tunl^ regarding the integer number of 
seconds. 

The '^ Journeyman Glock," constructed to give a loud beat, 
waa used for a time, but the difficulty of causing it to keep a 
fixed rate for any considerable period, caused it soon to be 
abandoned. Sometimes two persons were employed to make 
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the observations; in such case, one watched the dock or 
chronometer, and the other, at the proper moment, called out 
"time'' or the like, when the assistant would note the time 
indicated. One of the great sources of error by all of these 
methods, was in the uncertainty of the personal equation. 
This quantity was so great in some instances, as to amount 
to a whole second of time. By the new method we get rid 
of nearly all these sources of error; the observer has only to 
conJBne his attention to the moving object, and as it crosses 
the wires, press a key and the record is complete. The per- 
sonal equation is not wholly eliminated, however, but is 
reduced within much smaller limits, and is less liable to 
variation. 

As our form of Chronograph was the first ever constructed, 
and as its inventor. Prof. Mitghel, was among the first to 
develop the magnetic method. It will be desirable to give a 
brief synopsis of the origin and application of electricity to 
astronomical observation. 

The following facts have been derived from a report made 
by Mr. Sbabs 0. Walker, in 1851 ; published in the 1st vol. 
of Annals of Harvard Observatory, and from other publica- 
tions and documents : 

1st. 1841. Galvanic clock of Wheatstokb, where the 
clock was made to make and break the electric circuit, by 
means of a disk attached to the escapement wheel arbor. 

2d. 1844. Galvanic clock of Steikheil. 

3d. 1844. June 9th. First experiments for determining 
longitudes by the electric telegraph, made by Oapt. Oharles 
Wilkes, IT. S. N. ** The apparatus used this evening was 
devised and constructed by Joseph Saxto}?, Esq." 
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4th. 1846. Oct. 10th. Star Bignals exchanged between 
Washington and Philadelphia^ by noting the signals* 

5th. 1847. Jnly 27th. Ooincidenoe of beats of standard 
sidereal chronometers, tried between Philadelphia and Jersey 
Oity, by Mr. Walker, Prof. E. O. Kendall, and Prof. E. 

LOOMIS. 

6th. 1848. July and Aug. Ooiucidence of star and clock 
signals exchanged between Harvard Observatory and New 
York, by Mr. Walker, Prof. W. 0. Bond, and Prof. E. 
LooMis. " During these experiments,*Prof. Bond conceived 
the idea of using an automatic circuit interrupter ; and one 
was ordered for the U. S. Ooast Survey.*' 

7th. 1848. Oct. 26th. Prof. O. M. Mitchbl, at the sug- 
gestion of Mr. Walker, prepared a circuit interrupter which 
was attached to an ordinary eight day clock, and used it to 
graduate the running fillet of paper for several days. 

" This method had been proposed by Joseph Saxton, in 
1846 ; but was not adopted, from apprehension of injury to 
the astronomical clock." 

8th. 1848. Oct. 26th. " Dr. J. Locke having stated his 
objections to Mr. Bond's contrivance of a circuit interrupter, 
was requested by Mr. Walker, in behalf of the Ooast Sur- 
vey, to undertake experiments to obviate the supposed 
defects. These we know do not exist." 

9th. 1848. Nov. 17th. Dr. J. Locke caused a clock to 
record its beats on a fillet of paper, as delivered by a Morse 
register. 

10th. 1849. Jan. 19ta. "First actual experiments of 
automatic imprint of star signals on a Morse register between 
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Oincmnati and Philadelphia, by Mr. Walker, Dr. Locke 
and Prof. Kbndai^l/' 

11th. 1849. Jan. 23d. Longitudes of Cambridge, New 
York and Philadelphia determined by star transit signals. 
*' The arrangements were nnder the charge of Mr. Walker. 
The circuit breaking clock was prepared by Mr. Walker, on 
Dr. Locke's plan, and located at Philadelphia." 

*' The same clock contained a tilt-hammer interrupter, for 
making signals by the teeth of the hour wheel every two 
minutes. This instrument was invented in the year 1847, by 
J. J. Speed, Esq., President of the Telegraph Company, 
Detroit, Mich." 

12th. *' The detection of a delay in the transmission of the 
galvanic inducing wires, proportionate to the space traversed, 
was made by Mr. Walker immediately after examining and 
comparing together the register of the four stations." 

13th. 1849. April. Prof. Mitchel constructed his revolv- 
ing disk. 

14th. 1849. July 20th. Mr. SAXtON completed his revolv- 
ing cylinder. 

15th. 1850. April 12th. Mr. W. C. Bond submitted a 
model of his revolving cylinder. 

The following drawings will exhibit the chronographic 
mechanism in detail. 
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Fig. (1) is a vertical sectional view of the machinery, used 
for driving and regulating the chronographic disk. 



Fio. (1.) 
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Fig. (2) is a horizontal sectional view of the same, both 
drawn to i the Ml size. 

PlO. (2.) 




Fig. (3) is a sectional Tiew of the mechanism, for regulating 
the motion of the revolving disk by means of the standard 
sidereal dock. It also shows how the *' tripping " is accom- 
plished. 

Fig. (3.) 




The following is the- explanation of the mechanism. The 
letters are same on all the drawings: 

a. 90-tooth wheel, attached to the barrel axle ft, to which 
the driving weight is applied. The office of this wheel is to 
regnlate the motion of the revolving disk, /, or rather to 
maintain a motion of stable equilibrium. 

14 
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h. Barrel for the cord, to which the driving weight is at- 
tached. 

c. Bevelled cog-wheel, carried by the barrel h. 

d. Bevelled cog-wheel, gearing into c, and attached to the 
vertical shaft e. 

e. Vertical shaft, supporting the revolving disk/. 

g. Cog-wheel attached to the shaft e, and geared into the 
pinion h. 

{. Vertical axle, to which is attached the pinion A, and the 
cog-wheel J. 

j. Cog-wheel attached to the axle i, and geared into the 
pinion &• 

I Vertical axle, to which is attached the pinion X:, and 
cog-wheel nu 

m. Cog-wheel gearing into the pinion n. 

0. Vertical axle to which is attached the pinion n, and 
snpporting the Fraunhofer friction balls jp jp. 

g, q. Brass arms, to which are attached the friction balls j», j», 
by means of the springs r, r. 

8. Conical brass box, in which the Motion balls jp, jp revolve. 

The balls ji, ji, in revolving rub against the inside surface 
of the conical box s. 

t Screw for raising or depressing the balls p^ p. This 
screw serves to regulate the motion of the revolving disk. 

u u. Brass box inclosing the mechanism. 

t^, V. Cast-iron firame for supporting the whole apparatus. 

W, W. Iron railway track. 

a;, X. Fig. 2. Eatchet wheels inserfed between the cog- 
wheel c, and barrel b, to prevent sudden jerks in the motion 
of the disk/. 

z. Fig. 3. Escapement, operated by the electro-magnet j^, 
serving to keep the motion of the disk in a state of stable 
equilibrium. 
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The electio-magnet y, is operated by the standard sidereal 
clock, and "beats" once every two seconds. If the d\sk 
revolves too rapidly, the escapement holds it back, if too 
slowly, it is accelerated. When the motion is properly regu- 
lated by the screw f, the escapement has but little work to 
perform. It was found, that the Fraunhofer friction balls 
alone, would not give motion sufficiently uniform. 

A iierspective view of the Chronograph complete is seen in 
fig. (4). 



Pio. (4): 
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A, A» is a stand on which rests the whole mechanism. 

B, C, J>t electro-magnets, which operate the recording pens 

(1). (2), (3)- 

The electro-magnets B, C, D, and the pens connected with 
them, are fixed to the stand A, A. The revolviiig disk/, and 
the machinery connected with it, is free to move on the rail- 
way track, W, W, 

The disk /, on which the observations are recorded is 22 
inches in diameter, and makes a complete revolution once 
every minute. At the end of every revolution, or between the 
fifty-ninth, and sixtieth second, as recorded by the standard 
sidereal clodk, it moves back the 0.07 of an inch. This is 
accomplished by means oi three small steel pins of different 
lengths inserted in the side of the escapement- wheel ar Fig. 3, 
at distances of 120^ apifft These pins, marked o, Coi c,, suc- 
cessively elevate the steel dogs i, <i, d, as shown in figure 
(3), detacUng them from the ratchet e; when the disk is 
drawn back by means of the weight* F, the cord of which 
passes over a pulley attached to the stand, in the rear. 

This motion of the mechanism we designate " tripping." 

It is not important that the "trip" should take place 
between the fifty Hsnnth and sixtieth second, but is rather more 
convenient that tins should be the case. If the disk is not 
started at the prefer time to fulfil this condition, it is only 
necessary to mark the time when it does occur, by observing 
it through a complete revoluftion. In our every day work, we 
are not parttcular as regards the time of tripping. 

The pens (1), (2), (3), are flexible metallic arms ; and can 
be adjusted to make their reeord exactly in the center of the 
disk/. For this purpose they are made in two pieces ; being 
held together l^ set screws. For one of the pens, we use a 
metallic point, for the other ordinary lead pencih. 

The wires attached to the electro-magnet B, pass to the 
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battery, thence to the standard sidereal clock. Those at- 
tached to the electro-magnets 0, D, pass through the battery, 
and thence are connected with the various observing instru- 
ments. The pen (2) is used for recording the Olcott Meridutn 
Circle observations, and for comparison of the clocks. The 
pen (3) is used for recording the Transit observations, and 
those made with the Equatorial. 

The wires are so arranged, however, that by simply turning 
B key, either of the two pens can be used with all the instru- 
ments. 

The pen (1) operated by the electro-magnet B is called the 
*'time" pen, and is used exclusively for recording the oscil- 
lations of the pendulum of the standard clock ; its records 
being made once every two seconds. As we use the "make'' 
drcuit our records will be in the form of dots or punctures ; 
since at every revolution, the disk " trips" or moves back, the 
'' time pen " dots will be in concentric circles about the cen- 
ter, and straight lines or radii, reckoned from the center out. 
The recording pens (2), (3), are a<\|usted so tliat their dots fall 
between two of these concentric circles. 

We employ two batteries, one for operating the time pen, 
and one for the recording pens. After trying batteries of 
various kinds, we finally adopted that of Daittell, as being 
the most economical and best adapted to the wants of an 
observatory. Its greatest advantage, consists in being always 
ready, when we wish to makechronographic records. Under 
&vorable circumstances, it will maintain sufficient power for 
two or three months without cleaning ; it only being neces- 
Bsecy to add a little water and sulphate of copper^ every two 
or three we^s, to supply the necessary waste. 

This mechanism is exceedingly simple, and is not liable to 
get out of order; since it will usually run a whole summer 
without changing the adjusting screw t During the winter 
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season it does not perform as well, owing to the great change 
of temperature to which it is exposed; being located in the 
northwest comer of the transit room. It might perhaps be 
improved by causing the escapement z z^ to regulate at 
shorter intervals, viz., every half second; or, what would be 
better still, apply a conical pendulum which should act con- 
tinually. 

When the disk is started (we use for our records about 8 
Inches of the radius, which gives us two hours of right ascen- 
sion), the zero of the clock is marked, as also the hour and 
minute. As these concentric circles are one minute apart, 
the other minutes are marked after the observations are com- 
plete. 

Every alternate oscillation of the standard sidereal clock 
pendulum, is recorded on the chronograph, by causing a deli- 
cate wire cross,, to plunge a platinum point in a small mercury 
cup. 

ThiB^ mechanism is shown in fig. (5), where P is the pendu- 
lum, € the wire eross, and a a block to which the cross and 
mercury cup are attached. The cross is supported on an axis, 
and is slightly over-balanced. When the magnetic con- 
nection is broken, it occupies the position as shown in the 
figure. The total effect of this connection, on the rate of 
the clock, is about two seconds per day. But after the clock 
is regulated with the connection on, k has but little variable 
^ect on the rate. It is our experience, that a clock will not 
perform as well with a magnetie connection, as when allowed 
to Twa free. It is pcobabfy impossible to devise any method, 
for '^ making'" or *^ breaking" the circuit, without, in some 
degree, interfering with the rate of a time keeper. 

In the first experiments with magnetic connections. Prof. 
MiTGHEL connected this cross with the pendulum by means 
ct a delicate spider web. In this case, the eross was con- 
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8tantly acting on the pendulum, while with the piesent 
method the pendulum is disturbed only for 0.1 or 0.2 of a 
secoud, during a double oscillation. Both methods are 
equally good, with perhi^s the exertion, that the spider web 
is liable to be broken. We have also recently employed a 
solid connection on sidereal clock No. 2. The connection was 
made by causing the cross to press on a fine platinum spring. 
We have also used two platinum springs, but in neither case 
were the records so regular as with the mercury connection. 

It was found from long experience, tibat when the mercury 
cup in which the platinum point dipped was small, the 
oxidation of the mercury had an effect on the rate of the 
clock ; because when the mercmry was oxidized the surface 
would become lower, and the pendulum would not meet with 
the same resistance. This trouble has been entirely removed 
by using a large reservoir of mercmy, so tibat the oxidation 
will not have a sensible effect on the bight, for a whole year 
or more. 

The sheets for receiving tiie records of the dock and obser- 
vations are prepared beforehand, by pasting a sheet of paper 
over a wooden hoop. The paper being put on in a moist 
state, when it becomes dry, it is stretched like a drum head. 
When ready for use, the disk / is moved back, so as to stand 
clear of the pens (1), (2), (3), whai the prepared sheet is placed 
over it, taking care to press it down until it lays smoothly on 
the disk /. This method is very expeditions ; mnce a^heet 
holding observations, can be taken offi^ and replaced by 
another, in less than one mhiute. 

The observation recotds are converted into numbers, by 
means of an angular mteromater. This instrument is shown 
in«fig (6), where a and h are brass arms or radii free to move 
about the center c To the arm a, is attached the arc jr, which 
is divided to read hundredths of seconds when applied to the 
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observation disk. At d there is a magnifying glass, having 
two lines at right angles, marked on its under side. This 
glass is free to slide on the arm h. At 6, there is a small eye 
glass for reading the divisions; it is not nsed, however, in our 
ordinary work. When we wish to measure up the observa- 

Fio.(6.) 




tions, the record sheet is taken oS the Ohronograph and 
placed on a disk inclined at an angle of 45^. This disk has a 
vertical pin in its center, which carries the angular micrometer, 
by pasfflng it through the opening at c. The sheet having 

15 
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been marked, the index is moved, until its lines coincide with 
the circle of minutes, on which the records are fonnd. The 
arm i, is then moved to the zero of the arc g; after which, the 
*' time " dot is bisected by the index d. The arm a, being 
held in that position, h is moved out, until the index d bisects 
the observation dot, when the fractions of a second are read 
from the arc. By means of a vernier at 6, we can read one- 
quarter of a hundredth of a second, but it is only for special 
work that we employ the vernier. 

With this apparatus we measure up the observations very 
rapidly. An experienced person will measure up, to the 
hundredth of a second, as fast as another can take down the 
readings ; or in other words, a transit of 15 wires is usually 
measured up in one minute. 

Plate 7, is a "/ao simUe " copy of a portion of a chrono- 
graphic sheet, showing the manner in which the observations 
are recorded. We have before stated, that this sheet or disk 
is 22 inches in diameter, but only 8 inches of the radius is 
used for the record of the observations. The right lines or 
radii, are two seconds in time apart Hence, having marked 
the zero of the clock on one of the lines, all the others are 
known ; and they are accordingly marked 0, 2, 4, 6, 8 seconds, 
etc. The hour and minute are found marked on the line of 
seconds, and since the concentric drcles of dots are one 
minute apart, it is readily seen how all the others are 
known. 

The 1st object recorded was the star I Leonis, and the 1st 
wire, which is always designated by two dots, was observed at 
IQk 42- 49*.77 ; the 2nd at 52M6, and the 5th at 43" 00«.05. 
The hour and minute are found on the line of 00 seconds. 
The 5th wire lies, between the 42nd and 43rd minute, and as 
the lower **time" dot is employed to determine the minute, 
this wire must be on the 43rd. The ^* toip " having occurred 



00 • 



Plate 7. 



O 



f^Mtc record 



*o* 



,«• 



J, 



VI 



m 



vv 



€> 



PESCBIFTION OF THE OBSERVATORY. 41 

at the 40th second, the wires I, II, III, and lY are on the 
42nd minute* 

The integer aeeonds are read from the bottom of the sheet. 
The 1st wire is fonnd between the 49th and 50th second ; the 
ihu^onal part being measured by the angular micrometer. 

Kear the bottom of the sheet is found the star P Leonis. 
The following is the record of the 1st six wires, L, 11'' 42*" 
50'.29; n, 62.'85; HI, 55-.49; IV, 68.-04; V, 43- OO-.Gl; VI, 
05-.79- 

The examination of this sheet, readily shows how the records 
are converted into numbers. In our regular work, the num« 
ber of the wire is not marked, only the name of the object. 

The zero of the standard clock is recorded on the disk, by 
tapping with the key six times, immediately following the 
seconds. The hour and minute is also recorded by tapping a 
certain number of times, immediately after the six dots are 
struck. On this sheet, the zero was recorded at 10^ 37- 00*. 
The 3 and 7 dots, immediately following the 6, indicate 37 
minutes, and the single dot on the right, 10 hours. 

In the reduction of our zone work in 1864, it occurred to 
me that much time and labor might be saved, provided we 
could at. once read from our sheets the mean right ascension 
for the beginning of the year, or any other epoch. This was 
readily accomplished by a slight modification of the angular 
micrometer. The divided arc 9, was increased to read a little 
more than 3 seconds, and the fine screw/ was attached, as 
shown in fig. (6). 

The nature and operation of this plan will be best under- 
stood by an example. 

Eeduction for Zone observed Nov. 16th, 1864, to 1863.0. 

Glock error, from > Piscium and r Pidcium, at Oh sid. time 
= — le'.Sl ; clock rate hourly = — VM. 
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SkLT. 


B«d.foraodc. 


Red. for Wire. 


Pi«& 


0* 0- 


+ 16'.31 


+ 30'.ll 


-3'.07 


30 


+ 16.33 


+ 30.11 


-3.07 


1 00 


+ 16.36 


+ 30.11 


-3.07 


1 30 


+ 16.38 


+ 30.11 


-3.07 


2 


+ 16.41 


+ 30.11 


-3.07 



Bed. to Mean 
Place. 

— 4'.00 

— 4.14 

— 4.27 
-4.37 

— 4.46 



Final 
BeductkHi. 

+ 39\35 
+ 39.23 
+ 39.13 
+ 39.05 
+ 38.99 



The colamn of final reductioDS, shows what quantities are 
to be applied to the record sheet, to reduce the stars to Mean 
place 1863.0. 

Before proceeding to ^* measure up," a small table is 
formed, as a guide to the person who reads the record sheet. 

The following is a sample: 



Sid.T. 


Bed. 


8id.T. 


Bed. 


0*00- 


+ 39'.35 


0*30" 


+ 39'.23 


2 


.34 


33 


.22 


5 


.33 


36 


.21 


7 


.32 


39 


.20 


10 


.31 


42 


.19 


12 


.30 


45 


.18 


15 


.29 


48 


.17 


17 


.28 


51 


.16 


20 


.27 


54 


.15 


22 


.26 


57 


.14 


25 


.26 


1*00 


+ 39'.13 


27 


.24 







This table shows that at 0^ 00" Sid. T, we must add 39^.55 
to the disk reading, and this quantity must be uniformly 
diminished 0^.01, for every 2 or 3 minutes, so that for l** 00" 
we add 39*.13. 

The addition of the entire seconds is eflTected, by simply 
marking the disk 39 seconds more than the clock zero. The 
fractional increment 0^.55, is obtained by an a<]yustment of 
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the angular luicrometer, by means of the screw /, so that 
O'.OO on the disk, shall read 0^.55 on the arc or scale. The 
Tariation between 0'.55 and 0*.13, is accomplished by the same 
screw /, with which the zero of the vernier is shifted 0*.01 for 
every 2 or 3 minutes of right ascension, as may be requisite* 
In the above example, the zero needs to be changed at 2, 5« 7, 
10, 12 minutes, etc. 

The additional time required for measuring up with these 
adjustments, will not exceed 10 minutes for one hour of right 
ascension ; while the saving is equivalent to the labor of one 
person in reduction, besides the increased accuracy of the 
results. In case the reduction to mean place is a negative 
quantity, it is readily changed to a positive by diminishing 
the disk reading one minute. 
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The Declinameter, 

This instramenti as its name indicates, is nsed for the {huv 
pose of measuring the diffierence of declination between two 
objects. 

. In the year 1849, the late Prof. O. M. Mitohel conceived 
the idea of measuring the distance between two stars, by 
magnifying by mechanical means the motion of the tdescope 
in passing over the space which separated them. 

In carrying ont this conception, he attached an arm of six 
feet in length to the declination axis of the Cincinnati Eqna* 
torial. This arm carried an electro-magnet which was so 
connected with a light lever that whenever the electric cur* 
rent was driven through the magnet, it caused a met<a11ic 
point at the lower extremity of the arm to make a minute 
dot on a strip of type-metal placed underneath. The dis- 
tance of these dots from any fixed point was afterwards 
measured with a microscope magnifying about fifty diame- 
ters. Owing to the great labor in measuring up the work, 
and the confusion which would arise fi*om having so many 
dots mixed together, particularly when many stars were 
observed having nearly the same declination, the method was 
soon abandoned. 

About the year 1853 the subject was again taken up, when 
in the same manner an arm of seven feet in length was 
attached to the Equatorial (the telescope being clamped in 
the meridian). The lower end of this arm was connected 
with a light wooden lever moving horizontally on a vertical 
pivot ; the centre of motion being about one inch from the 
extremity of the long arm, and eighteen inches from the read- 
ing point. The arc for reading the amount of motion was 
divided into spaces of ten seconds. After considerable trial, 
this method also was found impracticable — probably from 
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the fact that the motion was not sufficiently magnified, since 
one second on the scale would correspond to the seven- 
thousandths of an inch, a quantity too small to be easily 
measured. 

He afterwards substituted in place of the lever a small 
telescope, moved in the same manner ; but owing to some 
mechanical difficulties, this also was soon abandoned. After 
numerous experiments, he at length adopted the form of 
apparatus at present used in' t^is Observatory. 

The following is a description of its mechanism. Fig. 1 is 
a perspective view of this instrument as seen from the south- 
west. 




ZJ^^ 
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46 DESCBIPnON OP THE OBSERVATORY. 

To the axis of the Olcott Meridian Circle is attached a 
metallic arm sixty inches in length, a portion of which (a) is 
seen in the drawing. The position of this instmm^it, with 
reference to the Meridian Circle, is shown in plate la^ where 
t( is the long arm, t reading telescope, and p^ p cylindrical pins. 
The lower end of this arm carries an arc, having for its radius 
the length of the arm, sixty inches. Into this arm is screwed 
a number of cylindrical pins {p) one-eighth of an inch in 
diameter, placed Zff apart, at right angles to the arm, and 
parallel to the supporting axis of the telescope. These pins 
have a groove cut in the middle, of the form which would be 
produced by placing the vertices of two cones together. At 
a distance of twenty-three inches from the centre pin, and in 
the same horizontal plane, a small telescope of six inches 
focal length, is mounted in knife-edge Y's; its supporting 
axis being parallel to that of the Meridian Circle. This tele- 
scope, which is shown in the figure, is supported on the oak 
block (b), ten inches square, bolted to the east pier of the 
Olcott Meridian Circle. To the top of this block is screwed 
an iron plate 0.6 of an inch in thickness, on which rests the 
stand holding the small telescope. 

To the supporting axis of the small telescope is attached 
the arm (r), two inches in length, and by means of a joint the 
light rod if) is connected with one of the pins at the lower 
end of the long arm (a). The short arm (r) is made in two 
portions, so that it can be lengthened or shortened at pleasure 
by means of screws seen at (s). The arm (r) can also be 
moved about the axis ; being held in position by a set screw 
not shown in the drawing. 

In order to avoid all play or loss of motion, the connecting 
rod (/) is attached to the reading telescope by means of a 
short axis with cylindrical holes in the ends, the axis being 
attached to the arm (r) by two screws having conical points. 
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The other end of the rod is connected with a pin at the lower 
end of the long arm (a) by means of an angolar notch, simi- 
lar to the letter V inverted. 

It may be observed, however, that tiie connecting rod (/) 
is not essential, bat is used merely for convenience, since the 
machinery woold be simplified by connecting the reading 
telescope immediately with the long arm (a). 

Now when the Meridian Circle is moved in zenith distance, 
angnlar motion is given to the small telescope by means of 
the long arm and connecting rod. The amount of this motion 
is read from a vertical scale divided into seconds of arc, fast- 
ened to the north collimator pier at a distance of fifteen feet 
from the centre of the reading telescope. It will, of course, 
be understood that we must have some object in the focus of 
the small telescope with which to compare the divisions of the 
scale. We use either a cross formed by the intersection of 
two spider's webs, or a single horizontal wire. 

The scale comprises an arc of 33^. The length of V at 
the centre of the scale is 1.5 inches, and the length of a 
second 0.025 inch, a quantity easily read by the small tele- 
scope. The second, in fact, can readily be divided into 4 
equal parts ; but ordinarily we read at a glance half seconds. 

In case it is desired to observe a greater arc than SO', the 
available extent of the scale, the end of the connecting rod 
(/) is raised and attached to a different pin; the interval 
between the pins having previously been determined* 

The Adjustments of the Aj^ratus. 

All the adjustments for making the small telescope read 
minutes and seconds on any part of the arc, are accomplished 
by changing the position of the scale, by chan j^ng the length 
of the short arm (r), by changing the angle which the arm 
(r)makes with the collimation axis, and by moving the whole 

16 
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telescope near^ to or farther from the soale. It ia not neces- 
sary to enter into the details of these a^jostmeatSy as every 
one will easily understand how they are accomplished. When 
once a(|justed, it will remain so. Any change, from tempera- 
ture or other causes, will only have the same effect as the 
runs in ordinary microscopes. This will of course be deter- 
mined at the time of observation. To make the apparatus 
adjust itself, it is necessary to use a double notch for hooking 
on the pins {p). The distance between the notches may com- 
prise 1', or a small arc of any other value, provided it be 
invariable. 

The Errors incident to this Apparatus. 
The sources of error incident to this form of mechanism are 
few and easily determined. When we consider the apparatus 
in a theoretical point of view, it might at first sight seem 
impossible to make any combination of machinery which 
would, with certainty, indicate a motion of V of arc One 
might snppose that there wonld easily be that amount of 
play or lost motion in the joints. That there is some lost 
motion, no one will deny; but the main question is, will 
there be sufficient to seriously impair an observation, and 
what is the limit of this source of error ? The amount of this 
error is easily determined from direct comparison with the 8 
microscopes of the Olcott Meridian Oircle, as well as from 
the apparatus used alone. Our method of determining this 
is to direct the telescope to one of the collimators, and meas- 
ure the interval between the opposite angles of a square 
formed by the intersection of four wires placed in the focus 
of the collimator telescope. When the collimator is revolved 
so that the angles are east and west, and above and below, 
the interval between the angles is about 42^. The following 
readings will give a &ir sample of the performance of this 
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apparatus. The bisections were made with the tangent 
screw for giving slow motion to the meridian circle in zenith 
distance ; beginning with the lower angle and moving over 
the whole space and some distance beyond. 

Telescope moved to increase Telescope moved to diminish 

the zenith distance. the zenith distance. 



tTpper Angle. 


Lower Angle. 


Upper Angle. 


Lower Angle. 


11' ir.o 


10' 28^.5 


11' ir.o 


la 28''.7 


11. B 


28.3 


11.1 


29.0 


10.5 


28.0 


10.7 


28.0 


11.0 


28.3 


10.6 


28.3 


10.2 


28.0 


10.7 


28.5 



Mean 1 r l(r.64 KX 28''.22 11' l(r.S2 IV 28''.50 

Zenith dist. diminishing — Zenith dist increasing = + .18'' 
(c u it it it it =4- .28" 

Itfean = + .23'' 

the loss of motion in bisecting, from moving the telescope in 
opposite directions. 

From this it follows that the error due to this apparatus 
from loss of motion in the joints, is no more than in the best 
micrometer screw. 

Hence we conclude that the distance between two stars can 
be as accurately determined as with the filar micrometer or 
meridian circle, using any number of microscopes. A posi- 
tive advantage may, indeed, be justly claimed for the use 
of this apparatus ; for when, with a meridian circle, only one 
bisection of each object can be made, at least ten bisections 
and readings for each, during the time of transit, can be made 
with the declinometer, thereby eliminating the error of bisec- 
tion arising from perturbations of the atmosphere or inaccu^- 
rate observation* 
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The JSrrors due to Change of Temperature. 

First Let us consider the effect of change of temperature 
on the long arm (a)t which is made of iron and is sixty inches 
in length. The errors due to this will be of two kinds. 
First, the change of the value of the divisions on the scale, 
which will be (T.OOOi on 1' for a change of 1° of temperature. 
Second, the change of position in the reading telescope, 
resulting from the change of angle made by the connecting 
rod (/) with the long arm (a). Oomputation gives for this a 
change of (X'.02 for a variation of 1^ of temperature. Hence 
we may, from theory alone, conclude that the change in the 
length of the long arm, from the effect of temperature, will 
not introduce an appreciable error. 

Second. The effect of temperature on the short arm (r), 
and the supporting stand (which is made of cast iron), the 
height of the stand being 4.2 inches. If the temperature be 
supposed to increase, the effect will be to raise the telescope 
and make it read higher on the scale. This would be con- 
stant for all parts of the scale. Oomputation indicates, for 1^ 
of temperature, a change in jiosition of (T.OOl. 

The short arm (r) will affect the reading in two directions : 
First, that due to the change of runs, which is equal to (r.Q2 
for 1^ ; second, that due to change of position, which is equal 
to (r.02 for 1^. Hence we may regard the changes in this 
portion of the apparatus as inappreciable. 

Third. Effect of Temperature on Uie Connecting Bod (/). 

During the summer of 1862, in our experimental zone 
work with this apparatus, it was found, on comparing two 
zones together, extending over an hour of right ascension, 
that at times there was a variable difference between the 
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zones depcDding on the time ; that is, if at the beginning of 
the zones the difference was made equal to zero, at the end 
it would have increased in some cases to T of arc This fact 
led me to make a theoretical investigation of the effect of 
temperature on all portions of the apparatus. 

During these observations a brass tube, twenty-three 
inches in length, was used as a connecting rod. The change 
on the scale for a brass rod, was found by computation to be 
=h(r.90 for 1^. This at once gave an explanation of the appa- 
rent anomaly. It was then very desirable to use a connect- 
ing rod which would be the least affected by temperature, 
and yet retain its figure. After various substances were 
tried, a glase tube was finally adopted, as being permanent 
in its figure and not so greatly affected by temperature. Per- 
haps some other substance would be preferable. It would, 
however, be an easy matter to construct a rod of two metals, 
which would maintain a uniform length in all temperatures ; 
and this we proi>ose doing. 

Computation gives for glass 1® ± (r.38. The correctness 
of this is fully demonstrated by direct experiment. On a 
number of days the apparatus was attached to the Olcott 
Meridian Circle, which was securely clamped; and upon 
varying the temperature, by opening and closing the room, 
we obtained the following results. Temperature constant for 
1° assumed equal to ± (r.40. 



> 


1862. Bid. T. 

Ni>y. 22. Ih 46m 


Temperature. 

38°.2 


SoRle readintr. 

16' 14'.3 


Scale nading leduoed to a 
UDiform temperature of 40° 

16' 13".68 




23. 12 45 


39 .0 


14.0 


13.60 




23. 16 30 


40 .1 


13.4 


13.44 




23. 16 46 


35 .0 


15.3 


13.30 




23. 16 50 


34 .0 


15.7 


13.30 




23. 19 30 


39 .1 


13.4 


13.04 
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1863. 

Feb. 28. 


Sid. T. 

22h 30m 


Temperature. 
390.0 


Scale reading. 

16' OO'.O 


Scale reading reduced to a 
unironn temperature of 40° 

14' 69".60 


28. 


1 30 


37 .0 


00.9 


59.70 


Mar. 4. 


1 45 


24 .0 


12 09.1 


12 02 .70 


5. 


21 16 


32 .0 


04.3 


01.10 


6. 


22 16 


18 .0 


11.6 


02.80 



From these observations the temperature constant for the 
whole apparatus, is found to be + (r.44. They also indicate 
that the temperature constant is very uniform ; and that the 
apparatus is as stable for any length of time as the reading 
microscopes of the Circle. 

Under ordinary circums ances, the changes of temperature 
of the observing room, during the passage of a zone of one 
hour in length, will not amount to more than 2^ ; and since 
direct comparisons with the Meridian Oircle are made at the 
beginning and end of the zone» the effect of temperature is 
at once determined, independent of the thermometer read- 
ings. 

We here append a few readings made during the process 
of our work. 

1863. Date. SicL T. Temf. Seal a Mean four MioroKopea. 

June 17. 15h 00m ' 62^.0 0' 00" +42^40' 05\75 

17. 16 50 60 .0 00 + 42 40 04 .90 

29. 15 30 73 .0 00 + 42 40 03 .48 

29. 17 30 70 .0 00 + 42 40 02 .75 

Oct. 17. 22 50 62 .0 ft 00 + 42 38 45 .35 

17. 23 50 60 .0 9 00 + 42 38 43 .60 

In these readings, the small telescope was compared with 
four microscopes of the Olcott Meridian Oircle, giving the 
zero of the declinometer scale, as referred to the zero of the 
Oircle, at the beginning and end of the zone. By applying 
the adopted temperature constant, and reducing the two scale 
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Teadings to the same standard, we would have the following 
errors on the position of the zones, possibly dne to this appa- 
ratus. 

June 17, ± (r.02 

29. ±0 .23 

Oct. 17. ±0.47 

These results show that the mean temperature constant 
would not introduce at any time an error which would sen- 
sibly affect the observations. 

It is unnecessary to speak farther of the stability of the 
apparatus ; experience has shown that it is as stable as the 
Meridian Circle itself, which is all that can be desired. 

It now remains to determine the effect of temperature on 
the scale itself. A difference of 1^ would change the length 
of the scale (3(y) only (r.02 ; so that the error arising from 
this source is also inappreciable. 

The illumination of the scale is effected by causing a gas 
light to move on an iron arc, nearly in front of the scale. 
The position of this light is regulated by the assistant who 
reads the scale, by means of a cord running over two pulleys; 
t-o the end of which is attached a weight which is placed' neao 
the reading telescope. To shut off, as much as possible, the 
light from the observing room, a box has been constructed', 
with a narrow slit in the side fronting the scale, which 
encloses the whole apparatus. The proximity of the gas 
light, has no sensible effect on the scale, as has been fiilly 
determined by careful comparisons with the microscopes of 
the Olcott Meridian Circle. 

In using this apparatus in zone work, the Olcott Meridian 
Circle is first set in zenith distance on the centre of the zone 
to be observed, and securely clamped. The long arm (a) is 
then clamped to the east side of the supporting axis. The 
small telescope being placed in its T's, the connecting rod is 
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dropped on the centre pin* To bring the long arm exactly in 
the plane of motion of the coUimation axis of the reading 
telescope, we have recently added a bar holding a horizontal 
screw, which reste against the cube of the Meridian Oircle 
and the long arm. By means of this screw we adjust for any 
deviation from this plane, the object being to prevent lateral 
pressure on the connecting rod. All this having been done, 
one microscope is then set for the edge of the zone, at present 
the Equator. The Meridian Oircle is now moved in zenith 
distance, so that it is directed to this point in the heavens, 
namely, 0^ 00" OQT declination. The assistant reads his scale, 
but finds the reading for this point V 30''. In order, there- 
fore, to make the scale read V OCT declination, it is necessary 
to change the angle made by the long arm with the telescope 
axis; or, which is the same, to change the angle of the read- 
ing telescope. The easiest way to accomplish this, is to 
change the length of the connecting rod. To effect this 
a^ustment, we have recently attached a fine cut screw in the 
end of the rod, for giving motion to the notch resting on the 
pins. This is not shown in the drawing. While the assist- 
ant looks through the telescope at the scale, the observer 
turns this screw nntil the division (X OCT is bisected by the 
wire of the reading telescope. The width of the zone to be 
observed is then regulated by the mechanisun shown in plate 
3. In case the apparatus is used with an instrument having 
no microscopes or means of measuring zenith distance accu- 
rately, a star preceding the zone, whose place was accurately 
known, could be used. We adopt the latter method on 
observing our zone the second time. 

When this apparatus is ready, a ruled sheet is placed on 
the charting machine ; and having set it to give mean right 
ascension and declination for the beginning of the year, we 
are .prepared not only to observe accurately the transits and 
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declinations of the stars, bat at the same time to prodace a 
Star Gharf, with the magnitudes and positions recorded. 
For the exact trandt or right ascension, the stars are, by the 
same pressure of the key which makes the record on the 
chart, recorded on the Chronograph, from which the records 
are read to the one-hundreth of a second of time. 

With this apparatus two persons can observe SOO stars in 
one hour. The average number found in our zones of the 
year 1863, including all stars up to, and a few of, the 14th 
magnitude, is 150 per hour. Our aim is not to observe a 
great many stars, but to take all stars fairly visible in the 
portion of the heavens under observation. 

The complete reduction of the zone work by this method, 
comprises the following determinations : Firsts for declina- 
tions, the zero of the scale. This may be determined in two 
ways, namely, by comparing the scale with the Circle at the 
beginning and end of the zone, or by using a few standard 
stars in the zone, whose places have been well determined by 
many observations. The latter plan is preferred as giving 
the best results, since in this case the error of nadir of the 
Meridian Oirde is elinunated. 

Having determined the zero point for any time as the begin* 
ning of the zone, it is necessary to correct for the following : 

Ist Rung of the scale, depending on the declination* 

2nd. Differential refraction, depending on the declination. 

3rd. Redaction to mean place, depending on the right ascension. 

4th. Variable refraction, depending on the time or right ascension. 

5th. Temperature correction, depending on the time, or right ascension. 

The following will sho^ the quantities combined : 

{Scale reading-!- zero-point + (run8+ differential refraction) -{-(reduc- 
tion to mean place-f variable refraction+ temperature correction) ] 
ss Mean declination. 
17 
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For all practical purposes, the apparatus may be so a<^asted 
that the runs will eliminate diflTerential refraction. 

Second. For the right ascension we have the following 
reductions : 

1st. Clock error, at the beginning of the zone, found either on the 
night of observation from the Transit of Nautical Almanac stars, 
or, which is preferred, by using the standard stars of the zone. 

2nd. Reduction of wire (constant). 

3rd. Reduction to mean place, depending on the right ascension. 

4th. Clock rate, depending on the time or right ascension. 

The clock rate is nearly always eliminated. 
We have then for the complete reduction in right ascen- 
sion: 

Time of transit+ (clock error + reduction of wire) + (reduction to mean 
place+clock rate). 

This may be put under another form, namely : 

(Clock error+reduction of wire + reduction to mean place at the 
beginning of the zone) + (variation of reduction + clock rate.) 

This change will show more clearly how the mean right 
ascension is measured directly from the chronograph records, 
without any numerical computation for separate results. 

The observed Transit needs to be corrected by a constant 
quantity, X and a variable quantity, A X depending on the 
time or right ascension. The method adopted for applying 
these quantities m^hinically^ will be found under the descrip- 
tion of the chronograph, illustrated by an example. 

Machine for Cataloguing and Charting Stars. 

The progress of instrumental astronomy has been so rapid 

during the last half century, not only in the perfecting of the 

older instruments, but also in the invention of new methods 

of observation, tiiat at the present time more can be accom- 
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plished in one year tlian could formerly have been done in 
five. 

In the year 1848 the application of electricity to the record- 
ing of astronomical observations was first suggested. This 
happily conceived idea soon resulted in the construction of 
Chronographs by various persons, by which the instant of 
transit of a star was accurately recorded in a legible and per- 
manent manner. Success in the recording of one ordinate of 
a star's position, would naturally suggest the possibility 
of fixing the other by the same agency. But with the excep- 
tion of some experiments made by the late Prof. O. M. 
MiTCHEL, for the recording of declinations by electricity, 
this subject, so far as I know, has not been undertaken by 
any other astronomer. 

In the formation of catalogues of zone stars, astronomers 
have almost invariably used the telescope in a fixed position, 
and by means of a diaphragm or scale placed in the focus, 
determined the time of transit and difference of declination. 
In our method the telescope is moved in zenith distance, the 
amount of motion giving us the difference of declination. 

This method of observing the difference of declination 
between two objects, by magnifying by mechanical means 
the angular motion of the telescope, is due to the late Prof. 
O. M. MiTCHEL, who first put it in practical operation in the 
year 1849 ; the apparatus used for this purpose being called 
the Declinometer. 

Perhaps nothing is more desirable at the present time than 
accurate ecliptic charts of all stars down to the 14th magni- 
tude. We already have the charts of Ohacornac, Argelander 
and others, which are of great value in the search for Aste- 
roids ; but were these charts filled out, as it were, with stars 
of a higher order of magnitude, it would greatly enhance 
their value for this purpose. 
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All standiird charts that have heretofore been conBtructed, 
have been made by laying down the positions of the stars, aa 
given by a catalogue previously formed. This, of eonrse, is 
an extremely difficult and tedious task. It seemed to me 
that much time and labor might be saved, provided ive could 
make an accurate map at the same time that we observed for 
exact positions. This result we have succeeded in accom- 
plishing by means of easy and simple mechanism, a descrip- 
tion of which will be given in this connection. 

In the cataloguing of zone stars with the Olcott Meridian 
Circle, during the year 1862, I found itf desirable to have 
some contrivance by which we could observe the same zone, 
star for star, on a subsequent night In order that we may 
be understood, we add that the clamp arm for giving slow 
motion to the telescope in zenith distance, is moved by a 
screw pressing against its lower end, one revolution of the 
screw being about 6^. That we might get more rapid motion, 
an extra cog-wheel was made to drive one fitstened to the 
screw. To the axis of this new wheel was attached two cyl- 
indrical pulleys, each carrying a small weight suspended by 
a cord wound on the sur&ce of the pulley. The width of the 
zone was then regulated by the length of the end left free 
to move. A perspective view of this apparatus is shown in 
the Olcott Meridian Oircle description, plate 3. 

It was found that with this contrivance (although we had 
the play between the two cog-wheels), we could follow the 
same zone with a deviation of less than 6". Were the pulleys 
attached directly to the screw, we knew the error would be 
still less. From this fact we were led to surmise that diflfer- 
ence of declination could easily be read to the tenth of a 
minute, from a screw head used for giving slow motion to the 
telescope. 

In thinking on this subject, I conjectured that if a cylinder 
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were attached to this screw, and a pen made to move over 
jt with a nniform velocity in the direction oi its length, we 
could readily record both Bight Ascension and Declination, 
or, in other words, make a map of the stars observed. Owing 
to the inconvenience in attaching such an apparatus to our 
instrument, the plan was not put in execution. 




We will now proceed to give a description of the Charting 
Machine. Fig. 1 is a perspective of the macUnet as se^i 
from the southeast. 
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This apparatus is firmly fastened to the soath side of the 
west pier. It is connected with the clamp arm of the Tele- 
scope by means of the horizontal rod (/), 40 inches length. 

A clock work mechanism, having a half second's pendulum 
( jp), carries the cylinder (a), 6 inches in length and 10 inches 
in diameter ; which revolves from west to east, and makes a 
complete revolution every hour. 

Directly over the cylinder is mounted, on a horizontal axis, 
the compound lever (b, Q ; to the lower end of which, by 
means of a short horizontal arm and joint, a hollow cylindri- 
cal steel pen is held in a vertical position over the axis. The 
lower part of this lever (ft), is 18 inches long; the upper part 
(Q is 6 inches long. In order to magnify as much as possible 
the angular motion of the clamp arm, we attach to it a strong 
iron bar, 25 inches in length. At the lower end of this bar is 



Fig. 2. 



.-^y 





K) { 



a cross piece, fig. 2, 6 inches long, holding a number of cylin- 
drical pins (ji). 

Each of these pins has a notch cut in the middle, of the 
form which would result from placing the vertices of two 
cones together. By this arrangement, there can be no loss 
of motion ; besides, it affords great facility in changing the 
rod from one pin to another. 
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The rod (/) is connected with the clamp arm by dropping 
fhe notch (z), fig. 2, on one of the pins. 

The other end of the rod is attached to the lever (Q, fig. 1. 
A sectional view of the mechanism for this purpose is seen in 



FiCK 3. 




fig* 3 ; (t, 0, being two screws having conical points, (s) a set 
screw for clamping to (Z). 



Fig. 4. 




The arm carrying the steel pen shown at (c), fig. 1, is 
attached to the lever (fr), by an arrangement precisely similar 
to that seen in fig. 3, the steel pen being held above the pai>er 
by a flat spring attached directly to the lever (&)• 
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The lover {b) is supported on the horizontal post («), flg, 1 ; 
^ is a set screw for clamping to any part of the post («) ; A 
and i are weights for counterpoising the lever in any position. 

The supporting axis of & is seen in fig 4, where nif m, are 
two screws having conical points. By this arrangement, we 
avoid all loss of motion, and have but very little friction. 

In fig. 1, ft is an electro-magnet operating the arm (d), at 
the end of which, and parallel to the axis of the cylinder, is 
attached the cross piece j. 

The dials seen in fig. 1 indicate minutes and seconds. 

Now, when the Telescope is moved in zenith distance, 
motion is given to the pencil so that it moves over the cylin- 
der in the direction of its axis. Whenever we wish to make 
a record, a key is pressed which closes the circuit through the 
electro-magnet, and a blow is struck on the pencil arm, so 
that a small dot is made on the sheet of paper covering the 
cylinder. 

It remains now to show how the magnitudes are recorded 
on the chart Various plans were suggested, and I finally 
decided to represent the magnitudes by different colors. For 
this purpose we use prepared paper, known as duplicating 
impression paper. 

If a strip of this paper be laid over a sheet of ordinary 
writing paper, and a pen be drawn over it, a colored impres- 
sion will be left on the paper. In the same manner, if a blow 
be struck with a blunt point, a colored dot will be the result. 
Now, if at the time of observation an assistant should intro- 
duce a strip of this paper under the steel pen, when the record 
was made, we would have a colored impression denoting the 
magnitude. So, it is readily seen, should the assistant intro- 
duce these strips of paper as required, we would produce a 
chart with the magnitudes all recorded. But obviously this 
method would require an extra assistant, and would conse- 
quently be an unnecessary waste of time. It is, then, very 
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deoraUe that the introduction of these strips should be in the 
poww €i the obserrer himself. 

Various kinds of apparatus might be employed for this 
purpose, but what we need is simplicity and certainty. We 
at first placed our strips on a belt running over two rollers, so 
that by giving moti(m to these rollers, any strip of colored 
paper eonld be brought under the recording pen. This plan 
answered the purpose, but was somewhat inconyenient to put 
our sheets on the cylinder. We therefore removed it, and 
placed the strips of paper on an arm moving about a vertical 
axis, and by means of a cord, attached to a lever connected 
with the rod used for giving slow motion to the telescope in 
zenith distance, the observer was enabled to bring any desired 
color under the pen, and this, too, without removing his eye 
from the tdescope. 

This part of the apparatus is not shown in the drawing, 
but being so simple the reader will not fail to understand it. 
So far we have nsed only five different colors, but the number 
can be increased to any extent. These cdors indicate 9, 
10, 11, 12 and 13th magnitudes. When stars of the 14th 
magnitude are observed, no color is introduced, and we have 
for our record merely a puncture on our zone sheet. When 
stars below the 9th magnitude are observed, (and there are 
but few, generally three or four in a night), a note is made by 
the assistant, and they are recorded on the chronograph by 
striking a certain number of dots to indicate the magnitude. 

As £ast as the stars enter the field of the Telescope, they 
are brought to the intersection of a horizontal and vertical 
wire, when, the circuit being closed, the record is made. In 
this way, the positions of the stars in the heavens are trans- 
ferred to the surface of the cylinder, so that when our observa- 
tions are finished, we have a perfect **fac simile " copy of the 
zone of stars observed. 

18 
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Tliis apparatus we believe is the first which has been con- 
structed to record accurately, by mechanical means, the right 
ascension and declination at the same instant, or in other 
words, to make a chart of the stars observed. 

When the dot is made on the cylinder, a record is also 
made on the working Chronograph, which gives us the time 
to the hundreth part of a second. For the exact declination, 
an assistant reads the Declinometer scale to the five-tenths 
of a second. 

Therefore, when our zone is observed, we have not only a 
complete catalogue of the exact positions of the stars, but 
also a perfect map of the heavens. 

In case we do not read our declinometer scale, we can 
determine the declination from the chart, within one-tenth of 
a minute of arc. The precision with which this machine will 
map stars is all that could be desired ; since if two charts of 
the same zone, made on different nights, be placed one over 
the other, the stars will be superimposed so that the eye can 
detect no difference. 

By means of movable a<]yustments we can set the machine 
(having our sheet ruled for Bight Ascension and Declination), 
so that it will give the position of the zone, at the beginning 
of the year, without sensible error. For adjusting in Bight 
Ascension, the cylinder can be moved about its axis, being 
held in position by a friction block. For the declination, we 
lengthen or shorten the rod (/), by means of the screw (a;), 
fig. 2. The scale for declination can be varied at pleasure, 
by changing the position of the connecting rod (/), on the 
lever I, fig. 1. This apparatus can be adapted to any Teles- 
cope either transit or equatorial ; neither does its use inter- 
fere with the ordinary work for exact positions. 

In the observation of Asteroids on the meridian, a great 
deal of time is wasted, especially when the error of the Ephe- 
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meris is considerable. And even when the error is only 2' or 
y in declination, in certain portions of the heavens, it is 
almost impossible to find the body with a meridian instru- 
ment. This apparatus affords great facility in finding these 
bodies, when we have an approximate Ephemeris ; since it is 
only necessary to observe, on two nights, a short zone of five 
minutes in Bight Ascension and 10 minutes in Declination. 
The comparison of these two charts will at once show which 
is the planet, provided it is included within those limits; 
when, the Ephemeris being corrected, it can be observed on 
the meridian in the usual way. This has been thoroughly 
tested in finding the old Asteroids, where the error of the 
Ephemeris has been considerable. 

In our ordinary work, as we observe all stars visible, the 
limit being 13-14 magnitude, it is usually impracticable to 
observe a zone of greater width than lO* or 12', and within 
these limits it is not unusual to find more thah 200 stars in 
one hour of right ascension. 

In case we wish to extend our observations over more than 
one hour of right ascension, we loosen the clamp screw (9), 
fig. 1, and slide the whole apparatus carrying the pencil, on 
the post (e) ; the end of the connecting rod (/) being raised 
up and dropped on another pin. These changes can all be 
made in less than one minute. 

Prom the comparison of the positions given by the chart 
with those found by the declinometer, the mean error on the 
chart position is found to be less than the one-tenth of a 
minute of arc. In the prosecution of zone work, these charts 
have been found of great value in correcting doubtful obser- 
vations, without the necessity of re-observing the zone. In 
case a wrong minute is entered by the assistant charged with 
taking down the declinometer readings and other remarks, 
on comparing with the chart we readily make the necessary 
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correctiona. The use of this apparatus in nowise interferes 
with our work for exact positions, since we have found the 
mean error of our observations to be the same whether the 
stars were charted or not 

Our work during three years* experience has demonstrated 
the practical utility of the apparatus. If for any purpose we 
desire a map of the stars in a certain portion of the heavens, 
we can make one in a few minutes, which by any other 
method would require hours. In the region of the milky 
way, where small stars are very numerous, we have charted 
them at the rate of 480 per hour, and at the same time 
observed every star in the zone above the 14th magnitude. . 

Every one will at once see that a series of charts, -even in 
the condition in which they are taken, from the cylinder, will 
be of great value to the observatory in which they are made. 
For, after being numbered and filed, they become so many 
maps, although the width does not exceed 10 minutes of arc. 
But obviously they can be made of greater service, with but 
little additional labor, by transferring contiguous zones to 
one sheet. This is easily accomplished by merely pricking 
through the paper with a series of points, which shall at once 
indicate the magnitudes. 

In case we wish to search fcnr Asteroids, we believe much 
labor can be saved, and equal if not greater facility afforded 
in their discovery. For, suppose we have already completed 
a series of charts for one hour of right ascension, and one 
degree declination, it is only necessary to observe and map 
the same zone, or any portion of it ; when it is readily seen, 
should there be any Asteroid in that region which was not 
there when the former charts were made, it will at once be 
detected. The objection may be offered, that with the ordi* 
nary meridian instruments, we do not have optical power 
sufficient to detect these faint bodies. Granting this to be 
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the case, it does not affect the principle of the method, for we 
can use the apparatus with an equatorial of any size. In 
the latter case, we would clamp the Telescope securely in the 
meridian, and, attaching an arm to the declination axis, at 
once connect our apparatus in the same manner as with the 
transit. Slow motion in declination can now be given to 
the Telescope with the tangent screw, and the width of the 
zone limited by employing any mechanism suitable to the 
instniment. These minor details, of course, will be arranged 
by the obsarver, as circumstances require. 

Automatic Registering and Printing Barometer. 

The science of Meteorology is as yet in its infancy. Uni- 
versally interesting as its phenomena have ever been, and 
powerfully affecting the most important relations of society, 
it is but recently that the subject has engaged the systematic 
and combined effort requisite for its development, since its 
laws are still regarded as the most recondite problem In 
Physics. The first thing to be done is of course the col- 
lection of facts, and much is now being done in England and 
on the continent in this direction. The chief obstacle, 
hitherto, has been in the imperfection of the methods of 
observation. The results, in order to be of value as data 
from which to construct a science, should present a contin- 
uotis record of the phenomena during a considerable period 
of time, and taken at as many different stations as possible. 
By the ordinary method of personal observation, this is well 
nigh impracticable. It would demand at every station the 
services of several observers, at great expense, and their 
results could only at best be more or less of an approach 
to what is desired. To obtain this, the only alternative is 
to substitute some mechanical means for the labor of per- 
sonal observation ; In short, to make the instrument record 
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its own changes. If this can be done in a single instance, 
it can be done continnoasly. 

The only method by which this has been hitherto attempted 
with success has been by the application of photography. 
This, though a very considerable advance, and probably all 
that could be desired in respect of continuity and accuracy 
of the record, is liable perhaps to the objection that it is too 
complicated a process for general use. If we consider the 
skill requisite in the preparation of the paper, the delicacy 
of manipulation involved by the apparatus, and the labor 
of interpreting the results, as compared with the average 
capacity and means of the great number of observers desired 
and likely to volunteer or be employed for such a purpose, it 
would seem that a simpler process is both desirable and 
necessary. This it has been my intention to furnish, and 
with what success remains for time and experience to deter- 
mine. The importance of the subject will justify me perhaps 
in presenting some account of the new method. 

The problem to be solved, was to cause any meteorological 
instrument, by means of suitable mechanism, simply and 
effectually to record its own changes. The instrument 
selected for experiment was the barometer. When any deli- 
cate instrument is made to record its own changes by 
mechanical means, the chief difficulty is that of getting 
sufficient power for the mechanism attached to make a dis- 
tinct and continuous record, without taking a perceptible 
amount of force from the instrument itself, and thereby 
vitiating the results. The use of electricity naturally sug- 
gested itself as the best means of overcoming this obstacle. 
'This agency has not as yet been made economical or certain 
as a motor, but is chiefly valuable in controlling power 
obtained through some other means. By it, as may be seen 
in its application to clock work, and in the telegraph, the 
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movements of one machine maj be reproduced in another 
with no greater expenditure of force than is requisite for 
electrical contact. In the cases cited, however, the motion 
to be reproduced is sensibly uniform and in the same direc- 
tion. For the solution of our problem, a mechanism is 
demanded that shall repeat the changes of the original in 
every form, whether the motion be uniform or variable, for- 
ward or reverse. 

The feasibility of this plan was discussed with my friend 
Mr. Thomas Simons as early as the year 1862, and some 
steps were then taken to apply it to the thermometer. I 
may here express my acknowledgments to Mr. Simons for 
valuable suggestions in the construction of the present 
machine. Various plans were considered for effecting the 
electrical contact with the fluctuating medium which is the 
basis of this method. It was at first proposed to do this at 
the surface of the mercury in a siphon barometer, by means 
of a platinum wire which should be carried continually 
toward the mercury surface by suitable mechanism, and on 
touching the surface, a galvanic current would be formed, 
which should operate by an electro-magnet on the mechanism 
so as to reverse the motion of the wire and break the circuit 
This would be immediately restored by the normal move^ 
ment of the mechanism, and thus the point of contact would 
be kept oscillating at the surface continually. The consump- 
tion of battery power by this plan would have been consider- 
able, and it was thought the oxidization of the mercury by 
the electric circuit would in time be appreciable. It was 
therefore concluded to make the connection outside of the 
barometer tube, by means of a float resting upon the mer- 
cury column. By this plan there is no demand of action 
from the battery until some change takes place in the 
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barometer, and a conBiderable saving of battery elements is 
effected. 

Attention was then given to determining the degree of 
delieacy with which changes of the mercury surface could 
be represented by this process. It was foand by experiment 
that a motion of less than .0005 of an inch was readily 
.8hown« a quantity far within the limits of reading of a first 
class standard barometer. 

The next step was to devise the proper mechanism for 
repeating the motion thus transferred, and recording it in 
some legible form. A finely cut screw was considered aa 
best ad£^ted to measure such minute intervals of space. To 
this screw a forward or reverse motion was given by a double 
system of clock work, each operated by an electro-magnet 
in connection with the float, and rmsing or lowering the 
screw by intervals corresponding with the changes indicated 
in the mercury column. 

In respect to the permanent record of results, it was 
decided not only to attempt the production of a linear 
diagram or curve of atmospheric pressure, as an interesting 
method of presenting the recorded changes to the eye, but 
to avoid the tedium and uncertainty of measuring up such 
results, by producing at the same time a printed record of 
such variation, to any extent deemed advisable. 

Having thus endeavored to give some conception of the 
design and principal features of this method, I will proceed 
to explain more fully the details of its execution as at present 
arranged. 

In cH^der to make any self-recording machine of this kind 
practicable, we need to attend to two points. First, to 
reduce the consomj^tion of electricity to the smallest possible 
amount coiusttsteBt with certainty in the ^results; and secondly, 
to secure the greatest amount of useful work with the mini- 
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mnm of labor. We at once decided to adopt the "make " 
circuit ; for so long as there is no motion, there will be no 
consumption of battery elements. The battery which we 
have adopted for recording transits is essentially that of 
Daniell; sulphate of copper being the exciting agent. A 
battery of this kind will maintain sufficient power for 
chronographic records for two or three months, without being 
cleaned ; it being only necessary to add a little sulphate of 
copper and water from time to time, to supply the necessary 
waste. The only power demanded of the electro-magnets is 
the unlocking of the mechanism, which is driven by weight 
power. 

Fig. L 
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In fig. 1, we have a sectional view of the lower leg of the 
siphon, showing the principle on which this method is based. 
It may be necessary to remark, however, that the electro- 
magnets and battery do not occupy these positions in reality, 
but are placed here for convenience of illustration. 
Let B = battery. 
" m, m' = electro-magnets. 

« a, a' = wheels having one tooth, and revolving in the 
direction of the arrows. 

5 = screw supporting the arm, carrying two wires p and 
p'j tipped with platinum. 

d = platinum disk carried by the float I. 

The two wires p^ p\ are respectively above and below the 
centre of the disk d. 

W = wheel with 40 teeth in which is inserted the screw 8. 

n = a small steel wire passing through the brass cup c, to 
prevent the disk d from revolving. 

6 = an ivory disk inserted in the tube, to prevent the float 
h from rubbing against the sides of the tube. 

Now suppose the mercury should rise in the short leg of the 
siphon, as represented in the flgure. The float b will be 
raised, and cause the platinum disk d to come in contact with 
the point of the platinum wire p^ closing the circuit through 
the electro-magnet m ; the armature of which being attracted, 
unlocks the clock-work, and allows the wheel a to make a 
complete revolution. By this means the wheel W is advanced 
one tooth, which raises the screw S the roinr of an inch, and 
consequently carries the point p that distance away from the 
disk d. 

As long as the mercury rises, the magnet m will be 
operated, and the platinum point p will be kept the 71^ of 
an inch above the disk d. 

If, on the contrary, the mercury falls in the siphon, the 
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under side of the platinum disk d will be brought in contact 
with the point of the wire p\ thereby closing the drcnit 
through the magnet m'; the armature of which allows the 
one tooth wheel a' to make a complete revolution, thereby 
causing the screw ^9 to be depressed the tqW of an inch, 
carrying, of course, the platinum point p' with it. 

It will now be readily seen how the platinum disk d, car- 
ried by the float &, may always be maintained midway 
between the two points p and p\ and distant a little less than 
the TvW of an inch from. each. 

The barometer is of the siphon form ; the inside diametez 
of the i>ortions near the surface of the mercury is nearly one 
inch. The upper and lower portions were made from the 
same glass tube, the two being connected by a tube of 
smaller diameter. The experiments and observations, so far, 
indicate that there is no appreciable difference in the size of 
the two legs of the siphon. 

The float h is of ivory ; the form, a paraboloid of revolu- 
tion. The under side of this float is very slightly concave. 
The diameter is one-eighth of an inch less than the inside 
diameter of the tube, so that there is no friction between the 
sides of the float and glass. The platinum disk d is sup- 
ported by a steel wire passing through a brass cap c fitted on 
the top of the tube, and an ivory disk e inserted at a distance 
of 2^ inches above the float h. The ivory disk is connected 
with the brass cap by means of two wires, so that it can 
readily be removed. A light steel wire n passes through a 
hole in the cap, for the purpose of preventing the disk d from 
revolving. This is made sufficiently free to prevent any 
friction. 

The disk d is made of brass one-half an inch in diameter, 
and is covered on both sides with platinum plates. 

The platinum wire p is attached to a fine screw, for adjust- 
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ing the distancq of the points p and / from the Burface of the 
disk d. 

These wires p and p' are, of course insulated by being 
attached to an ivory block, as shown in the figure. The wires 
from these points are led to the top of the screw S, where 
they are fastened to an ivory block, after which they are con- 
nected with the electro-magnets m, m\ 

A platinum wire is inserted in the side of the barometer 
tube, and passes down in the mercury on the side of the 
float h. This wire is also connected with one pole of 
the battery. 
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The principle employed for giving motion to the screw l^j 
which follows the fluctuations of the mercurial column, has 
been taken from the stop-work long used on clocks. The 
barrel of a clock on which the cord is wound usually has a 
one-tooth wheel on its axis ; and at every revolution of the 
barrel, a cog-wheel is made to advance one tooth. This cog- 
wheel is, of course, always detached from the ban^el tooth 
wheel, except when in the act of advancing the tooth. In 
fig. 2, we have a vertical view of a i>ortion of the mechanism, 
showing the method of communicating motion to the screw 
8. The one-tooth wheels, a, a\ when at rest, occupy the 
positions as shown in the drawing ; and being detached from 
the cog-wheel TV, it is free to move in either direction. The 
screw Sj which is shown in fig. 1, is raised or depressed by 
the revolution of the wheel W. The one-tooth wheels a and 
a\ moving in the direction of the arrows, give opposite 
motions to the wheel W; the office of a being to elevate the 
screw, and of a' to depress it, corresponding to the fall and 
rise of the mercurial column. 

The mechanism for giving motion to the wheels a and o^ is 
ordinary clock work, each being directly acted on by the 
barrel wheel, which is driven by a weight One revolution 
of the barrel corresponds to twelve of the wheels a and a'. 
The axles, to which are attached a, a\ carry another wheel 
having a single half-tooth, as shown in the drawing, fig. 2, 
which, resting against a little projection on the armature of 
the magnet, holds the wheel in the i>osition as shown in the 
figure. 

In order that the wheels a and a' may not revolve with too 
great rapidity, a train of clock work is connected, consisting 
of two additional axles, a fan being attached to the latter, 
by means of which the motion can be regulated to any desir- 
able velocity. Three axles would undoubtedly be sufficient, 
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the barrel axle, the axles a, a', and an additional one for the 
fan. We adopted the present form, becanse we happened to 
have a couple of clock movements at hand, and nsed them 
just as they were. 

In our first experiments, it was found, when the points p^ 
p' were adjusted very close to the surfaces of the disk rf, the 
oscillations of the barometer were liable to cause both wheels 
a, a' to revolve at the same time ; and by this means, should 
their cogs arrive at the circumference of W together, the 
machine would become blocked. 

This was easily remedied by introducing a circuit '* breaker '' 
on one of the wheels a, a\ As soon as the wheel a begins to 
move, the circuit is broken, and remains so until it comes 
to rest again ; so that in case they should both start at the 
same instant, the cog of a' being in advance, it would make 
its revolution and come to rest, because the circuit would be 
interrupted until a should come to rest also. Since the cir- 
cuit interrupter was attached, there has been no difBculty 
from this cause. 

Fig. 3 is a perspective view of the apparatus as it is when 
in operation. The frame work for supporting the barometer 
tube and other mechanism is of black walnut two inches 
thick, which is firmly fastened to the east wall of the west 
transit room. This wall is built of brick, and is two feet 
thick, so that the whole apparatus occupies a very firm posi- 
tion. 

Having given a general idea of the mechanism for causirg 
the screw S to follow the motions of the barometrical col- 
umn, we will show how the curve of pressure is recorded, 
as well as the printed results. 

The wheel IT, fig. 2, which receives the impulses, has 40 
teeth ; and the screw /9, having 60 threads to the inch, one 
tooth of the wheel W corresponds to the ttjW of an inch 
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change in the barometrical column, or xtfW of an inch 
change of pressure. To the wheel W is attached another 
of nearly the same diameter, having 80 teeth ; this wheel is 
geared into one of 40 teeth carrying an 80-tooth wheel on 
the same axle. This second 80-tooth wheel is geared into a 
50-tooth wheel, which operates the screw /ST, fig. 3, of 26 
threads to the inch. To this screw is attached an arm. 
carrying a pencil which traces the curve of pressure on the 
revolving cylinder o. 

From this arrangement, the curve is magnified a little 
more than three times the barometrical pressure. It would 
have been an easy matter to adapt the second screw and cog- 
wheel, so that the curve would be exactly an integer scale — 
say 1, 2, 3 or 4 times ; but as our printed results may be 
obtained much more accurately, and as often as is necessary, 
it was not thought of sufficient importance to construct a 
screw especially for this purpose. 

We will now explain the mechanism for printing the 
results. 

PlO. 4. 

X V 




A sectional view of the combination is shown in fig. 4, 
where x and y are two vertical steel axles. The final result 
expressed in thousandths of an inch, is found on the axle ar, 
where li is the units wheel, t tens, and % the hundredths ; or 
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where the thonsandths of an inch is the luiit of measure, u 
will represent thousandths, t hundredths, and A tenths of an 
inch. 

The wheel Vq may be supposed to have ten teeth, and is 
connected with ic, so that they move together. If motion be 
given to tio> so that it move one tooth at each impulse, each 
tooth will represent the nAnr of an inch ; and ten impulses, 
or a whole revolution, will represent the tot of an inch. 
The wheel u has one tooth, and the wheel a on the axle y 
has ten teeth. Now when u has made a complete revolution, 
it will have advanced a one tooth or one-tenth of a revolu- 
tion; consequently the wheel a will always express the 
hundredths. 

In order to transfer the motion of a to the axle z we 
fasten to a the wheel h, having ten teeth ; and by gearing 
this in the wheel /, having ten teeth also, we transfer the 
motion of a to ^, hence we have the thousandths and hun- 
dredths expressed on the wheels u and t. 

But let us go a step further, and see how we get oiu* tenths. 
The wheels a, ft, we have shown, indicate the hundredths : 
we therefore attach to them another wheel c, having one 
tooth. Let the wheel Ji of ten teeth be placed opposite. 
Now when the axle a;, carrying the wheels a, &, c, has made 
one complete revolution corresponding to one tenth, the 
wheel h will have advanced one tooth; consequently the 
tenths will be represented on the wheel A. 

It is of course understood that the wheels ti, f, A, are 
separate, and free to move about the axis x. By repeating 
this combination, we can employ any number of figures we 
choose. 

The wheels ti, A, a and o, are made after the plan employed 
in the stop-work in a chronometer. In fig. 5, a' and cf indi- 
cate this form of gearing. It is seen that the teeth of one 

20 
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wheel are cat in the arc of a circle, with the radius equal to 
that of the wheel into which it gears. This arrangement 
prevents any motion, except it be communicated by the units 
wheel. The whole mechanism is therefore locked together, 
and it is just as impossible for it to get out of order as it is 
for ordinary clock gearing. 




The chief merit of this combination is, that it will carry for 
ten either forwards or backwards. This principle is necessary 
in any meteorological printing instrument. We need no 
extra apparatus for bringing the type in line, since if the 
mechanism is well constructed, it will always arrange itself. 
When once set it will remain so, for no change can be made 
without ungearing the machine. 

We use ordinary type which are set in separate disks, being 
afterwards screwed fast to le, f, and ft. In case a type is 
accidentally damaged or broken, another can be inserted in a 
few minutes. Steel type would undoubtedly be the best, as 
being more durable and less liable to damage. We should 
add, that the wheels t and I have each 50 teeth ; five teeth 
being moved at one impulse. 

The printed results are received on the strip of paper y, 
moved by the clock work %, fig. 3, which at the same time 
regulates the revolving cylinder o, on which is traced the 
curve of pressure. This same clock raises a small hammer A, 
by means of a screw or spiral on the minute wheel arbor, 
which at every revolution is allowed to strike the small 
cushion t, by that means leaving the impression of the type 
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on the strip of paper. In order to secure greater distinctness 
in the printed results, without employing much power to 
make the impression, a strip of duplicating impression pai)er 
is inserted between the type and ordinary sheet of white 
paper. 

We are not limited in our printing to hourly records, but 
they can be obtained as often as is desirable, by supplying 
the additional power required to raise the hammer. The 
clock for moving the printed slip and cylinder is an ordinary 
half-seconds pendulum, which we happened to have at hand. 
It was not thought necessary to print the integer number of 
inches, nor the time; for the paper slip has the time already 
printed on the side, so that when the record of the day is 
completed, it is only necessary to add the date and integer 
inches. 

One great advantage in the use of this instrument consists 
in the ease with which it may be manipulated. All the 
adjustments are simple and easily accomplished. Any person 
could learn, in a few days at most, to keep it in running 
order, and make any adjustments, should it become necessary 
from accident or other causes. Ko chemicals are needed, 
except the sulphate of copper for the battery, which may 
readily be procured in any town or village. Every part of 
the action is visible to the eye of the observer, so that in 
case any part gets out of order, it will readily be seen. 

The screw S^ on which the accuracy of the results will in a 
great measure depend, is, as before remarked, 50 threads to 
the inch, and was cut by Mr. Ghables Fasoldt ; and it is 
found to be a very perfect one. And I will here add that 
the whole mechanism was built in his shop, under my direc- 
tion and supervision. 

The best form and arrangement of the float can only be 
determined by experiment. In our original barometer tube, 
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which was 0.4 in. diameter, we inserted an ivory float which 
nearly fitted the tube. The upper end of the wire for sup- 
porting the platinum disk d, was connected with the arm 
carrying the platinum points. As this was the first trial of 
the new method, for a number of consecutive days, we 
append the results. The instniment was allowed to run 
from April 24th to 30th, without being disturbed. It was 
set with the standard barometer (Fastr^), at 4 p. m., April 
24th, 1865. 

n.^^ Temperfttnre. Standard Burometer Printlne Baromiter raHkm^nn^ 

'^*®' CenUgrade. ndaced to d«g. Gent, reduced to deg. Gent. »»nwence. 

April 24, 4h. 8.6^ 29.947 in. 29.947 in. +0.000 in. 

** 25, 22 10.0 29.934 29.929 + 0.005 

" 26, 2i 13.0 29.789 29.784 +0.005 

" 27, 21i 13.0 29.862 29.859 + 0.003 

" 30, 12.0 29.755 29.750 +0.005 

During this period the barometer reached a maximum of 
30.114, and a minimum of 29.435. 

On the 30th, the machine was taken down to modify the 
printing apparatus. 

A comparison of these results show that even with inferior 
and comparatively rough apparatus, the individual results 
are equal to a reading obtained from the best standard bar- 
ometer. At this time the registering barometer was not 
compensated for temi>erature ; the reductions being made 
from a short table computed for this purpose. 

Numerous experiments have been made to test the sta- 
bility of the float and magnetic connections. It will hardly 
be necessary to give the results in detail. In case there was 
no friction of any kind, the float ought always to assume the 
same position for the same height of the mercurial column. 
The following is the test we have applied. The electrical 
contact being broken by the key I, fig. 3, the screw S was 
turned so as to force the float into the mercury 0.010 of an 
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inch ; after which, the carrent was established, and the float 
was allowed to take up a position of equilibrium. The same 
thing was repeated, bj turning the screw in the opposite 
direction and lifking up the float. From many trials, it was 
found that there was rarely a difibrence of 0.002 of an inch, 
and usually less than 0.001 of an inch, from the original 
position. The same test was applied for larger disturbances, 
viz. 0.020 or 0.030 inches with nearly similar results. This is 
not a fair test, however, since these conditions aie never 
realized in practice. From all our experiments so far, we see 
no reason why the machine should change its zero any 
appreciable amount, during a whole year or greater length 
of time. 

The following extracts from our record book will best 
illustrate the stability of the mechanism. 

July 4th. The machine was " blocked " for 6 hours. Dur- 
ing this time the barometer rose 0.070 of an inch. After the 
float assumed its position of equilibrium, the zero of the 
ma^^hine, by comparison with the standard, was found 
undianged. 

July 20th. The float was screwed up and down 0.200 of 
an inch to see if there was any friction. After assuming 
its iK)sition of equilibrium, the zero was found unchanged. 

Aug. 17th. Float taken out of the barometer tube to put 
in a heavier platinum wire. The zero was changed 0.005 of 
an inch ; mostly due to the larger wire displacing a greater 
amount of mercury. 

The daily comparison of the printed records, for the months 
of June, July and August, 1865, with the readings obtained 
from the standard barometer (Fastr^), gave for the mean error 
of a single result ±0.0035 in. This determination was based 
on the hypothesis, that the error of reading the standard 
barometer was zero ; which we know is not the case. 



84 DESCRIPTION OF THE OBSERVATORY. 

The following is a fac simile copy of the record as printed 
by the machine. The numbers on the left hand are the 
hoars from noon of the 11th to noon of the 12th. The 
remaining figures are the barometrical heights expressed in 
thousandths of inches. 

DUDLEY OBSBBYATOBT. 
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The accompanying lithographic sheet exhibits a few of the 
more remarkable diamal barometric curves, as recorded by 
our apparatus. The first three curves belong to the scale as 
given at the top of the sheet; the remaining ones to that 
given at the bottom. The height of the barometer is given 
for noon of each day. The scale of the curve is 3.077 times 
the barometric pressure. 

The following remarks will show the apparent atmospheric 
condition at the time : 

May 10th. Bar. 29.91 in. Cloudy, a light breeze from the 
south. The violent agitation of the barometrical column 
clearly indicates an approaching storm. The small amount 
of depression, however, shows that this storm will not be 
very violent at the place of observation. 

We may here remark, that a few months of observation by 
this method has led us to surmise that the barometer, as a 
weather indicator, does not depend so much upon the amount 
of the variation as upon its quality. If the barometer is 
depressed 0.2 or 0.3 of an inch, and the curve is smooth and 
regular, it does not indicate a sudden change. But, if the 
curve exhibits a violent tremor, it may be taken as a good 
indication of an approaching storm. In how far these views 
are correct can only be determined by a long series of careful 
observations. 

May 11th. Bar. 29.70 in. The curve is rather a remarka- 
ble one, from the fact that apparently there was but little 
atmospheric disturbance at this place. It shows, however, 
that the atmosphere was in a violent state of agitation from 
3 p. M., of the 11th, to 4 a. m., of the 12th. During the 
afternoon of the 11th, the weather was very changeable; 
clouds were continually passing over the heavens. At 6 p. 
M. it began to rain, and continued, with intervals of inter- 
mission, until some time after midnight. During the after- 
noon and evening, the wind blew rather strongly from the 
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soathwest, but was at no time very violent here. But at 
other points 200 miles to the east and south of this city, the 
wind blew a tornado, doing considerable damage to property. 
At New York, it was most violent between 6 and 7 p. M. 

June 26th. Bar. 29.68 iu. Cloudy: a heavy shower of 
rain followed immediately after the depression at 4 p. H. A 
violent gale of wind 150 miles to the east, about midnight. 

July 16th. Bar. 29.81 in. Sain after 8 p. M. 

July 19th. Bar. 29.69 in. Bain. 

July 26th. Bar. 29.60 in. Cloudy ; light breeze from south. 

Aug. 4th. Bar. 29.94 in. Heavy showers from 6 to 10 

.P.M. 

Aug. 12th. Sar. 29.72 in. Clear aud pleasant. 

Aug. 16th. Bar. 29.73 in. Bain storm between 6 and 8 
p. M. 

Aug. 22d. Bar. 29.65 in« Bain. 

Aug. 29th. Bar. 29.94 in. Clear. 

Oct. 17th. Bar. 30.20 in. Clear. 

Oct. 18th. Bar. 30.04 in Cloudy, with some rain. A 
violent gale of wind on the night of the 19th; most severely 
.felt along the eastern coast. The observations of the 17th 
.and 18th of October were made at Kew York city. At 14 h. 
.the weight for driving the mechanism rested on the floor. 
The barometer, at 9 a. h. of the 19th, stood at 29.40 in. 

The chief sources of error in barometrical results are two- 
^fold. 

1st. That due to uncertainty in the value of the coe£3cient 
of expansion, for the material used. 

2d. That duetto the uncertainty in the determination of the 
temperature of the mercurial column. 

The first will have nearly a constant eff^ect, and for purposes 
of intercomparison of lesultfi, made with the same instru- 
ment, may be neglected. But the second has a very import- 
ant bearing on the accuracy of the results. 
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The methods most commonly employed for attaching the 
thermometer, are either to immerse the balb in the cistern or 
fix it against the side of the column. In neither case do we 
get the temperatnre of the column itself, especially if the 
changes are rapid. Perhaps the best method now in nse, is 
to make the thermometer bulb of the same size as the baro- 
metrical column. 

From many experiments made during the past year, to 
determine the effect of temperature, and a fiill discussion of 
the results, we decided to employ a siphon proper, which 
should have the elements of compensation within itself, 
thereby avoiding the uncertain temperature corrections. 
But we are not limited exclusively to this form, since an 
ordinary cistern barometer could have been used with equal 
&cility, by simply inverting it and bending the lower end in 
a siphon form. With this we would get nearly double the 
motion which we now obtain, for i^he same amount of 
pressure ; but there would be a variable correction which it 
would be necessary to apply to every record, for eliminating 
the error due to capacity of cistern. By making the cistern 
large in diameter and the siphon small, this correction might 
be reduced to a small quantity ; yet where we desire accurate 
results, it would nevertheless be necessary to apply it. 

Aside from this objection there is another of still greater 
weight, viz.: the errw due to the temperature. A barometer 
tube in this form might be compensated by suspending it on 
a combination of metallic rods, but from many experiments 
which we have lately made, we do not consider this mode of 
compensation reliable, since during sudden changes of tem- 
perature the rods will be affected long before the mercury in 
the barometer tube, especially if it be of large dimensions. 
And we are fully persuaded that the errors of temperature 
would more than counterbalance the benefit arising from a 
greater extent of scale. It has been suggested to me to use 

21 
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a steel siphon with the upper leg one hundred times the area 
of the lower one. This would give us the advantage of 
nearly double the scale now obtained, but the uncertain tem- 
perature error has led me to reject this form entirely. 

The idea of a compensating siphon, was first suggested to 
me by Dr. James Lewis, who proposed to secure the neces- 
sary conditions by making the upper and lower legs in the 
form of a conical frustrum. We propose to accomplish the 
same thing, by employing a certain volume of mercury. 

The whole theory of a siphon compensation depends on 
this fundamental proposition, viz.: If the atmosphere will 
support 30 inches of mercury at 0° Centigrade, at 100° 0. it 
will support 30 + 300=30.540 inches; e being equal to O.OIS, 
the expansion in volume of mercury for 100° 0. If now in 
a siphon barometer, the increased length of the whole ooImhih, 
when the temperature is raised from 0° to 100° 0„ is equal to 
306=0.540 inches; the surface of the mercury in the short 
leg of the siphon will remain at the same zero of height for 
all temperatures, at 30 inches of pressure. 

Put 0^= 0.016 the extension of the mercurial column in a 
glass tube for 100° 0. 

2m = length of mercury in the equal legs of the siphon, in 
which the diameter is unity. 
1= length of intermediate column. 
d= diameter of intermediate column. 
h = height for which the compensation is to be computed. 

Then we have the following general formula : 
(^m+U'K-Ae. 

It is readily demonstrated that all siphons of the same 
diameter, in the equal legs, will require the same volume of 
mercury for compensation. 

If the siphon be of uniform diameter throughout, it will 
require 33.7 inches of mercury to compensate at 30 inches 
of pressure. 
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A tube of this form will hardly give a 8u£9cient length of 
mercury in the short leg. In order to attain the necessary 
length, we connect the two equal legs with a tube of smaller 
diameter. 

This form is of easy construction, either for glass or steel, 
and it gives us a tube which can be compensated by direct 
experiment. 

The following tables have been calculated to aid in the 
construction of a glass compensated siphon : 



Tablb I. 




Table n. 


d 


m 


D 


■w 


0.70 


8. 5 inches. 


0. 2 in. 0. 62 lbs. Troy. 


0.76 


7.2 


0.3 


1.41 


0.80 


6.0 


0.4 


2.50 


0.85 


4.6 


0.5 


3.91 


0.90 


3.1 


0.6 


6.61 


0.95 


1.5 


0.7 


7.66 


1.00 


0.0 


0.8 


10.00 






0.9 


12.67 






1.0 


15.64 



In computing these tables % = 30 inches, 1= 34 inches. 

D = diameter of the equal legs. W = weight of mercury 
necessary to compensate. 

Table I, shows the length of the column of mercury in the 
equal legs, for different values of d; the diameter of the 
equal legs of the siphon being regarded as unity. 

Table n, shows the volume or weight of mercury neces- 
sary to compensate a siphon, without regard to its shape, 
provided the upper and lower surfaces are equal. 

If we employ a steel siphon, it will be as well to use a 
tube of equal diameter throughout, connecting the two legs 
by means of a short tube of smalls diameter. At 30 inches 
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of piesanre a steel tube will reqtiire about 36 iDches of mer- 
cury. 

In the coDstraction of a glaas aiphoo, it will be best to 
adopt d = 0.80. After the tube is filled to the tbeoietical 
height, the whole apparatus can be subjected to different 
d^;rees of temperature, in the same manner as the compen- 
sation of a pendulum. By reading the standard barometer 
every quarter hour, during the progress of the experiment, 
the exact error of compensation can be determined; and 
by adding or subtracting mercury, the compensation can 
be perfected. In a siphon that is compensated for 30 
inches of pressure, the correction for different degrees of 
pressure and temperature will be very small ; since for 1 inch 
and 100° 0., the correction will only amount to 0.018 inches. 
The largest correction required will rarely amount to 0.004 
inches. 

One of the peculiarities of this method is, that we can 
print our results at any number of places, provided we have 
telegraphic communication. One standard barometer may 
be made to record its indications at fifty different points at 
the same instant. 

This method may be employed for measuring the fall of 
rain, and the results can be printed to thousandths of inches 
every hour, or as often as it is desirable. The general plan 
twill be to receive the rain in a glass siphon containing mer- 
^cury. One leg of the siphon mi^ be inserted in a brass tube 
*of uniform diameter, of 3 feet in height Let us suppose 
that the mercury stands three inches high in each 1^ of the 
siphon. If water be poured in the brass tube, the mercury 
will of course rise in the short leg, and may be made to sup- 
l)ort a float with machinery precisely similar to that used for 
the barometer. The area of the vessel receiving the rain can 
be such that the mevcuiy in rising will measure the amount 
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of rain faUen in decimal parts of an inch. When the Water 
i» drawn off, the machine will of itself come back to zero.. 
If desirable, the apparatus for carrying ten can be so modiSed 
that it shall only act in one direction, viz. : when the mercury 
is rising in the short leg ; in this case, we would, at the end 
of every month, have the total amount of rain fallen, and 
the same for the year. This form would jyrobably be prefer- 
able, because when the water is drawn off, if any quantity 
should remain in the tube, it would have no effect on the 
accuracy of the results. 

In applying this principle to the registration of the tem- 
perature we would use a simple metallic thermometer. A 
motion of two or three inches for IfX) degrees Oentigrade is 
amply sufficient to measure with certainty tenths of a degree. 
After having determined the scale of the iostmment, it 
becomes an easy matter to adapt mechanism which shall 
print the results in degrees and decimals, without the neces- 
sity of any subsequent reductions. The curve for tempera- 
tore and rain can be recorded on the same cylinder. One 
battery will be sufficient for all the instruments. 
. For the registration of the force and direction of the wind, 
tiie printing portion of the mechanism will be of great 
value; mnoe it will be an easy matter to connect it with an 
Anemometer, so as to print the direction In degrees of the 
circumference, and the force or velocity in pounds or miles. 
Whether this method can be applied successfully to mag- 
netical instruments, remains to be determined ; but without 
having made any experiments in this direction, we see no 
serious obstacle in the way of its application. 

The error of reading a first class standard barometer is 
considerable ; chiefly owing to the difficulty in bringing the 
surface of the mercury in the cistern to the zero of height. 
We speak now of that class of barometers where the surface 
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of the mercury in the cistern is brought in contact with the 
l)oint of an ivory pin. The uncertainty of making an exact 
contact may affect the readings to the extent of 0.008 of an 
inch. The mean error for reading our standard barometer 
(Fastr6), tube of one-half inch diameter, and cistern of two 
inches diameter, is nearly 0.004 of an inch. We also find 
that there is a personal equation existing between the read- 
ings of two observers, mostly due to this cause. This per- 
sonality, between my assistant, Mr. MgOlubb, and myself, 
amounts in the maximum to 0.005 of an inch. It is also 
found that readings made by the light of a lamp are not the 
same as the daylight readings ; the difference in some cases 
amounting to 0.010 of an inch. 

It is proposed to obviate a large source of these difficulties 
by using electrical contact to bring the surface of the mercury 
in the cistern to the zero. This can readily be done at fixed 
stations, where meteorological observations are carried on, 
with but little trouble. In place of the ivory pin usually 
employed, we would substitute a double platinum pin, one 
point of which should pass through a small metal disk resting 
on the surface of the mercury in the cistern, and the other, 
placed above the sur£Btce of the disk. If these two pins are 
insulated, and connected with the iK)les of a galvanic battery, 
when the mercury in the cistern is raised, bringing the metal 
disk in contact with t^e platinum point, the current will be 
established, and an audible signal can- be given by means of 
an electro-magnet. By this means we eliminate all errors 
and personal equation, in determining the zero of the cistern ; 
and consequently the remaining error of reading will be 
confined to the bisection of the upper surface. The actual 
test of the magnetic connection as applied to our barometer 
gave the following results. We would remark, however, that 
no metal disk was employed, but one platinum wue was 
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plunged directly into the mercury, and the other was made 
of the same length as the ivory pin, and only touched the 
surface when the contact was made for bringing the mercury 
in the cistern to zero. 

A large number of readings made by Mr. McGlube and 
myself, showed that by this method the i>ersonal equation was 
entirely eliminated ; the mean of five or ten consecutive read- 
ings not differing by an appreciable quantity. The mean 
error for a single reading amounted to 0.001 of an inch, and 
the maximum error to 0.002 of an inch; showing conclu- 
sively that the chief source of error in reading a barometer 
lies in the acUustment of the surface of the mercury in the 
cistern to the zero. 

As this method pf recording meteorological phenomena is 
new and totally different from any now in use, we have 
thought proper to append the hourly results, as printed by 
the machine. During a portion of the months of September 
and October, the machine was set up in Kew York city ; we 
have, accordingly, omitted the observations in those months. 

The first column is the day of the month. The second is 
the hight of the barometer in inches and decimals. The re- 
maining columns give only the thousandths of inches ; the 
integer inches being inferred from the numbers in the second 
column. 

The last two columns give the sum and mean for each day. 
The two horizontal columns at the bottom of each table, 
give the sum and mean for each hour, for the whole month. 

The day is in astronomical time ; Oh being noon. 
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METEOROLOGICAL OBSEEVATIONS. 








TYPO-BAEOGRAPH. 








June, 186S. 




DAY. 


Oh, 


lA. 


2A. 


«. 


4K 


SK 


«*. 


7A. 


9k. 


1 


in. 
29.838 


831 


809 


793 


783 


Tie 


768 


768 


788 


2 


29.858 


847 


831 


823 


820 


818 


818 


820 


832 


3 


29.943 


921 


900 


877 


862 


850 


839 


828 


880 


4 


29.776 


767 


758 


742 


742 


742 


734 


742 


758 


5 


29.974 


985 


997 


oia 


on 


Oil 


021 


038 


053 


6 


30.164 


154 


142 


119 


099 


097 


088 


087 


065 


7 


29.946 


933 


909 


858 


«23 


803 


802 


799 


790 


8 


29.872 


868 


862 


861 


857 


852 


857 


877 


892 


9 


29.874 


863 


832 


829 


851 


830 


805 


802 


798 


10 


29.651 


651 


652 


642 


659 


670 


702 


734 


751 


11 


29.927 


916 


903 


891 


877 


859 


851 


843 


838 


12 


29.714 


694 


690 


666 


654 


647 


646 


644 


651 


13 


29.812 


812 


815 


817 


813 


813 


831 


852 


871 


14 


30.013 


Oil 


998 


995 


990 


984 


989 


994 


012 


15 


30.175 


177 


175 


164 


150 


138 


133 


124 


120 


16 


30.051 


035 


014 


997 


985 


979 


973 


974 


976 


17 


29.970 


962 


944 


930 


926 


904 


901 


904 


906 


18 


29.893 


895 


880 


877 


877 


878 


869 


881 


889 


19 


29.917 


901 


887 


857 


848 


851 


857 


861 


861 


20 


29.863 


849 


849 


839 


837 


836 


836 


836 


838 


21 


29.865 


854 


849 


835 


821 


815 


814 


814 


819 


22 


29.851 


849 


831 


824 


817 


828 


838 


855 


867 


23 


29.987 


981 


977 


973 


974 


971 


977 


995 


013 


24 


30.021 


005 


974 


950 


932 


927 


921 


918 


900 


25 


29.789 


764 


757 


740 


728 


711 


706 


705 


724 


26 


29.681 


664 


642 


623 


595 


586 


578 


565 


547 


27 


29.637 


638 


651 


650 


655 


659 


664 


699 


733 


28. .... 


29.861 


857 


856 


851 


850 


853 


860 


864 


871 


29 


29.774 


731 


705 


704 


704 


707 


694 


688 


685 


30 

Sam,.. 
Mean,. 


29.680 


679 


679 


679 


670 


685 


707 


709 


729 


23.067 


22.819 


22.524 


22.208 


22.016 


21.901 


21.901 


21.991 


22.149 


29.887 


29.878 


29.866 


29.854 


29.847 


29.842 


29.842 


29.846 


29.852 






BEMABKS. 




in 
becau 


the me 

lee the 


an of the hours for June, four days have been rej 
observations were incomplete 


ected 




JUD< 


a 2d, machino "bloeked" from 13L to 22h. 






a 


3d, '* " *' leh. to 21h. 






it 


eth, " " '' 13b. to2ah. 






it 


2^tb, " " " 13K to 20b, 




Th 


e cau9€ 


! of the " blocking " waa due to the imperfect 


con- 


struct 


LioD of 


oae of the type wheels. 





DBSCRIFnON OF THE OBSERVATORY. 



95 



MBTEOEOLOGIOAL OBSERVATIONS. 

TTPO-BABOGBAPH. 

JimiE,188B. 


DAY. 


M. 


IM. 


liA. 


Wl 


Itt. 


14k. 


IM. 


16fc. 


ITh, 


1 

2,.... 

a.... 

4 

5..... 

6 

7 

a.... 

". .... 

10..... 

11 

12 

13 

14 

15 

16 

17 

la.... 

19 

20 

21 

22..... 

23 

24 

25..... 

2a.... 

27 

28 

29 

30 

Sum,.. 

Mean,. 


29.806 
29.848 
29w821 
29.778 
30.071 
30.104 
29.829 
29J10 
29.786 
29.780 
29.842 
29.667 
29.902 
30.028 
30.129 
29.994 
29.908 
29.896 
29.883 
29.860 
29.828 
29.889 
30.021 
29.892 
29.734 
29.560 
29.764 
29.880 
29.684 
29.751 


807 
854 
821 
789 
090 
107 
823 
921 
778 
805 
845 
678 
910 
048 
127 
995 
917 
897 
880 
870 
828 
899 
027 
892 
746 
509 
774 
887 
687 
762 


815 
874 
834 
790 
111 
105 
820 
917 
771 
814 
840 
688 
917 
063 
123 
000 
915 
903 
883 
872 
833 
N 895 
046 
888 
751 
500 
775 
882 
687 
766 


822 
880 
836 
794 
103 
096 
813 
918 
756 
826 
839 
694 
927 
072 
106 
001 
915 
909 
875 
863 
842 
894 
050 
889 
742 
507 
776 
881 
686 
777 


821 
888 

833 
799 
104 
074 
813 

739 
830 
826 
691 
939 
077 
093 
996 
913 
910 
872 
857 
848 
906 
0S2 
883 
737 
527 
771 
878 
663 
763 


821 

'829 
800 
HI 
063 
814 

■716 
835 
823 
689 
948 
087 
094 
998 
908 
910 
867 
857 
848 
920 
048 
879 
731 
545 

"879 
662 
748 


815 

'sai 

803 
110 
032 
812 

"766 
848 
824 
697 
955 
100 
101 
990 
907 
902 
861 
855 
848 
930 
045 
871 
721 
546 

'876 
659 
753 


825 

'sii 

817 
135 
023 
810 

'699 
855 
820 
704 
965 
110 
092 
989 
908 
903 
862 
852 
853 
952 
048 
863 
720 
563 

"872 
659 
774 


842 

'857 
150 
022 
827 

"693 
876 
817 
729 
985 
125 
093 
010 
915 
904 
868 
856 
866 
978 
057 
853 
721 
593 

'869 
673 
787 


22.504 


22.603 


22.678 


22.679 


23.613 


22.595 


22.561 


22.673 


22.966 


29.865 


29.869 


29.872 


29.872 


29.870 


29.869 


%9MS 


29.872 


29.883 


BEMABKS. 

June Ist, clear; smoky; wind W. 
" 2d, cloudy. 
« 8d, fair. 
« 4th, hazy. 
" 6th, sprinkle of rain. 
" 6th, and 7th, changeable. 
" 8th, clear. 
^ 9th, rain at 6 f. m., with thxinder and lightning; rain &11 

0^41. 
" 10th, rain fall 0»».97. 
" 11th, cloudy. 
'' 12th, ISth, 14th, clear and pleasant. 



22 
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DESCRIPTION OF THE OBSERTATORY. 



METEOROLOGICAL OBSERVATIONS. 

TTPO-BAEOGRAPH. 

Juirs, 1865. 


HAT. 


Wk 


m. 


SOIL 


XIA. 


2M. 


2M. 


Som. 


Uma, 


1, ....-- 


29.857 

29?" 
29.862 

30.170 

30.033 

29-837 

29. 

29.685 

ssasft 

29.810 

29 7S9 

30 003 
30a3S 
30.101 
30.021 
29.927 
29.907 
39,880 
29 861 
23.S74 , 
29.m 
30.057 
29 8M 
29727 
29.610 
29. 

29.865 
39.668 
29,811 


856 

*903 
181 
024 
843 

688 
91j 

798 

787 1 

013 

H9 

096 

023 

932 

9li 

880 

884 

887 

993 

066 

850 

728 

618 

"861 
659 

aits 


861 

'919 
186 
030 
864 
935 
895 
925 
788 
801 
026 
166 
092 
014 
932 
922 
887 
885 
886 
992 
049 
846 
726 
632 

857 
660 
835 


863 

'm 

937 
185 
008 
865 
924 
685 
939 
773 
808 
022 
166 
092 
005 
927 
920 
886 
887 
884 
993 
049 
837 
711 
632 

"836 
660 
841 


864 

"807 
957 
183 
983 
863 
913 
678 
933 
753 
816 
016 
169 
080 
997 
919 
926 
884 
888 
883 
994 
041 
827 
701 
631 
877 
811 
653 
848 


862 
950 
801 
970 
169 
968 
869 
900 
667 
934 
735 
814 
014 
173 
060 
988 
911 
926 
877 
878 
874 
994 
035 
811 
695 
635 
859 
804 
673 
863 


19.690 
12.761 
16.876 
19.536 
5.156 
3.689 
20173 
15.135 
18.210 
19.116 
20.037 
17.038 
15.978 
7.654 
2.837 
14.006 
23.101 
21.591 
20.991 
20.611 
20.368 
21.782 
8.539 
19.479 
17.515 
14.089 
11.582 
20.661 
16.425 
18.121 


29.820 
29.851 
29.844 
29.814 
30.090 
30.070 
29.840 
29.890 
29.759 
29.796 
29.835 
29.710 
29.916 
30.069 
30.118 
30.000 
29.921 
29.900 
29.875 
29.857 
29.849 
29.908 
30.022 
29.895 
29.730 
29.587 
29.724 
29.861 
29.684 
29.755 


2..,, 


-' 


4^>>.... 


£......> 


t-.>„. 


7-..>.-- 


8, 


t 


10 ,„ 


11 


12.. 


13. 


U^ 1 


15 


16 


IT „ 


18.,-,„, 


19 -„ 


30 _ 


31 


aa. , 


23 ^, 


a4.„„„ 


3BL 


£""" 


m""" 


as. 


29. 


30 






23Ja06 


33.368 


23.466 


23.400 


23i296 


23.199 






S9J92 


29.899 


29.902 


29J00 


29.896 


29.892 






June 15th, cloudy- 
** leth, sprinkle of 
" 17th, clear. 
" 18th, 19th, 20th, 
" 23d, 24th, clejir 
" 25th, cloudy ; th 
« 26th, rain fiill O'-^ 
« 27th, ram fall 1^" 
" 28th, 20th, clean 
" 30th, changeable 


BEUAKK 

rain ; wind S. 
21fit, 22djCha 

under, 

68. 
.00. 


ngcabL 


a. 




■ 
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MBTBOEOLOGIOAL OBSERVATIONS. 








TYPO-BABOGRAFH. 














JXTLY 


.MMw 










DAY. 


M. 


lA. 


2h, 


SA. 


4A. 


M. 


6A. 


7A. 


8ft. 


1 


29.845 


838 


899 


820 


811 


802 


793 


784 


775 


2 


29.643 


634 


632 


624 


619 


638 


657 


676 


695 


3 


29.803 


792 


792 


792 


798 


794 


795 


790 


795 


4 


29.779 


766 


751 


745 


739 


733 


733 


729 


742 


5 


29.804 


803 


805 


805 


814 


827 


845 


859 


888 


6 


29.993 


972 


943 


909 


902 


«sr 


861 


855 


841 


7 


29.609 


611 


606 


612 


615 


626 


651 


653 


666 


8..... 


29.764 


742 


733 


711 


699 


690 


684 


689 


692 


9 


29.771 


771 


772 


773 


771 


770 


773 


793 


832 


10 


29.937 


919 


909 


888 


875 


858 


853 


844 


815 


11 


29.712 


710 


692 


687 


671 


665 


653 


652 


653 


12 


29.732 


723 


708 


696 


688 


679 


669 


670 


672 


13 


29.755 


755 


765 


772 


778 


783 


793 


812 


808 


14 


29.883 


870 


860 


854 


851 


852 


856 


862 


868 


15 


29.873 


862 


850 


841 


831 


825 


823 


826 


835 


16 


29.810 


777 


788 


771 


737 


709 


700 


688 


646 


17 


29.536 


541 


553 


556 


552 


546 


558 


585 


607 


18 


29.663 


657 


648 


642 


635 


630 


627 


640 


649 


19 


29.686 


671 


649 


626 


610 


578 


557 


537 


525 


20 


29.660 


683 


692 


690 


707 


708 


730 


745 


760 


21 


29.822 


819 


825 


828 


822 


820 


829 


851 


862 


22 


29 925 


912 


900 


888 


875 


861 


848 


845 


854 


23 


29 865 


848 


833 


826 


819 


817 


811 


813 


816 


24 


29.857 


851 


839 


831 


826 


828 


823 


822 


846 


25 


29.788 


772 


756 


714 


688 


666 


638 


622 


607 


26 


29.597 


588 


585 


590 


505 


607 


606 


606 


617 


27 


29.665 


659 


647 


646 


652 


642 


654 


669 


690 


28 


29.720 


704 


707 


684 


672 


665 


649 


660 


668 


29 


29.724 


736 


748 


752 


755 


755 


780 


797 


803 


30 


29.979 


969 


967 


968 


975 


975 


975 


994 


008 


31 

Sam,.. 
M«ui,. 


30.180 


165 


162 


145 


143 


140 


137 


130 


139 


24.380 


24.123 


23.946 


23.686 


23.520 


23.376 


23.361 


23.498 


23.674 


29.786 


29.778 


29.772 


29.764 


29.759 


29.754 


29.754 


29.758 


29.764 








BEMJ 


LBKS. 










July 


Ist, cloudy; 


rain fa 


11 oMe 


). 










i< 


2d, cloudy; 


rain fa 


11 0*-.6( 


} ; win 


as. W 


a 






u 


8d, clear. 
















tc 


4th, changeal 


>le. 














u 


5tb, clear. 
















u 


6th, cloudy. 
















a 


7th, shower c 


►f rain, 


witht 


hunder 


; rain 


fall 0«». 


24. 




cc 


8th, cloudy. 
















it 


9th, clear. 
















« ] 


1 0th, clear. 
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DESCRIPTION OP THE OBSERVATORY. 





METEOEOLOGIOAL OBSEKYATIONS- 








TTPO-BAROORAPH. 














JlTTY 


l«tt5. 










DAY. 


Vi. 


IQA. 


IIA. 


12\. 


UA. 


14h. 


IM. 


IM. 


133k. 


1 


s»:72 


758 


732 


698 


693 


683 


644 


632 


631 


2 


21*714 


734 


745 


740 


744 


744 


737 


750 


767 


3 


j'j^^n 


809 


809 


805 


804 


796 


792 


792 


793 


4 


'r* 757 


764 


765 


763 


751 


744 


756 


767 


779 


5 


L>i> 1«0 


945 


965 


953 


958 


944 


948 


969 


987 


6 


r*r^iQ9 


813 


779 


75i 


698 


664 


658 


643 


608 


7 


-H»6 


700 


722 


722 


713 


705 


710 


722 


737 


8 


^"*,708 


706 


706 


707 


708 


708 


709 


710 


711 


9 


,^j':+.^3 


891 


919 


942 


945 


949 


957 


965 


967 


10 


Li*>Q0 


816 


817 


818 


812 


808 


796 


772 


768 


11 


l-f.i^i 


692 


702 


700 


704 


710 


711 


712 


735 


12 


i^.^im 


678 


669 


662 


646 


631 


607 


605 


622 


13 


^^^K18 


825 


821 


816 


812 


812 


812 


819 


836 


14 


L"i.>«4 


888 


894 


892 


893 


891 


892 


894 


907 


15 


t.-^W54 


854 


854 


854 


850 


840 


830 


828 


827 


16 


l.'<i.-34 


607 


568 


533 


479 


457 


467 


480 


495 


17 


l-i ,25 


643 


648 


648 


645 


641 


640 


655 


668 


18 


t--^ 158 


677 


083 


694 


694 


692 


692 


697 


711 


19 


L^j.ras 


516 


497 


497 


473 


465 


464 


477 


498 


20 


^"1 775 


790 


799 


801 


800 


798 


799 


804 


805 


21 


SJU.S71 


878 


890 


903 


908 


906 


904 


906 


914 


22 


29.864 


867 


864 


871 


873 


877 


881 


900 


897 


23 


29.827 


838 


831 


823 


827 


832 


832 


835 


846 


24 


29.866 


871 


874 


872 


869 


865 


857 


864 


860 


25 


29.615 


615 


624 


610 


595 


587 


571 


573 


581 


26 


29.637 


634 


625 


620 


622 


627 


631 


649 


668 


27 


29.703 


713 


717 


712 


720 


718 


719 


726 


747 


28 


29.669 


660 


669 


662 


655 


628 


607 


590 


601 


29 


29.820 


854 


879 


866 


867 


869 


869 


914 


942 


30 


30.042 


062 


074 


084 


092 


101 


108 


120 


137 


31 

Sum,.. 
Mean,. 


30.153 


173 


169 


177 


178 


183 


192 


209 


223 


24.093 


24i271 


24.310 


24.196 


24.028 


23.875 


23.792 


23.979 


24.267 


29.777 


29.783 


29.784 


29.780 


29.775 


29.770 


29.767 


29.773 


29.783 








BSMJ 


.RES, 








i 


July 


11 th, changea' 


ble. 














a 


12th, cloudy. 
















41 


13tli, cloudy. 
















u 


14 th, clear. 
















u 


15th, cloudy. 
















u 


16th, shower c 


>f rain 


; rahi f 


all 0^^ 


6, 








a 


17th, rain fall 


1^30; 


wind 1 


W. 










u 


18th, clean 
















41 


Ifith, clmngcal 


t}le; nL 


in fall C 


)^\U. 










It 


20th, clear. 
















u 


21st, clean 






- 
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METEOEOLOGIOAL OBSERVATIONS. 

^ TYPO-BABOOBAPH. 
JUX.T, IMG. 


DAY. 


Wu 


IM. 


ao^ 


SIA. 


S2ft. 


»^ 


Bam. 


XeMi. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Sum,... 

Mean,.. 


29.631 
29.773 
29.790 
29.790 
30.000 
29.605 
29.761 
29.72U 
29.971 
29.766 
29.743 
29.643 
29.850 
29.921 
29.827 
29.496 
29.680 
29.726 
29.537 
29 805 
29.923 
29.905 
29.860 
29.867 
29.579 
29.668 
29.749 
29.610 
29.940 
30.158 
30.232 


637 
776 
786 
803 
012 
592 
773 
731 
963 
764 
750 
675 
871 
928 
837 
502 
693 
727 
583 
832 
933 
911 
866 
858 
563 
680 
749 
610 
979 
183 
256 


690 
800 
807 
814 
023 
590 
781 
739 
981 
756 
753 
706 
887 
933 
827 
501 
708 
736 
611 
833 
941 
906 
873 
854 
593 
679 
745 
699 
978 
213 
249 


638 

816 
785 
809 
019 
601 
775 
751 
973 
745 
748 
729 
886 
906 
818 
503 
698 
734 
616 
830 
934 
904 
875 
840 
586 
681 
744 
724 
994 
219 
252 


699 
817 
787 
807 
013 
506 
778 
764 
966 
733 
744 
728 
890 
901 
800 
530 
690 
723 
636 
823 
931 
892 
868 
826 
595 
679 
745 
715 
986 
215 
251 


643 
813 
783 
800 
007 
593 
769 
767 
951 
714 
735 
743 
884 
889 
805 
530 
680 
705 
652 
823 
937 
886 
870 
801 
606 
667 
727 
713 
986 
194 
243 


17.318 
17.288 
19.094 
18.385 
22.112 
18183 
16.708 
17.249 
21 .25^ 
19.608 
16.915 
16.263 
19.660 
21.261 
20.061 
14.398 
14.994 
16.340 
13.485 
18 482 
21.156 
21.206 
20.150 
20.367 
15.164 
15.158 
16J359 
15.941 
20.593 
9.811 
4.481 


29.722 
29.720 
29.79G 
29.766 
29.921 
29.758 
29.696 
29.719 
29.886 
29.817 
29.705 
29.678 
29.819 
29.886 
29.836 
29.600 
29.625 

29 681 
29.562 
29.770 
29.881 
29.884 
29.840 
29.849 
29.632 
29.633 
29.702 
29.664 
29.858 

30 076 
30.187 


24.526 


24.830 


25.119 


25.125 


25.047 


24.916 






29.791 


29.801 


29.810 


29.810 


29.806 


29.804 






.BBMAKKfl. 

July 22d, clear. 
" 23d, clear. 
" 24th, clear. 

" 25th, cloudy; rain fall 0»M2. 
« 26th, rain fall 0*M6. 
" 27th, changeable. 
« 28th, cloudy. 
" 29th, cloudy. 
" 30th, clear. 
« 3l8t, clear. 
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DESCRIPTION OP THE OBSERVATORY. 



METEOEOLOGIOATi OBSEEVATIONS. 

TYPO-BAROGRAPH. 

Auovrr, 1M6. 


DAY. 


0^ 


lA. 


SA. 


ZfL 


ih. 


M. 


M. 


Ih. 


8a. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Sam,.. 

Mean,. 


30.225 
30.162 
30.011 
29.941 
29.917 
29.753 
29.532 
29.811 
29.866 
29.661 
29.554 
29.717 
29.883 
29.865 
29.787 
29.735 
29.943 
29.946 
29.850 
29.794 
29.586 
29.650 
29.663 
29.888 
29.994 
29.909 
29.752 
29.901 
29.944 
30.094 
30.039 


212 
142 
991 
916 
912 
720 
537 
806 
847 
632 
554 
718 
873 
852 
769 
728 
931 
933 
830 
776 
565 
637 
664 
881 
983 
895 
755 
888 
935 
083 
008 


98 
116 
979 
894 
898 
702 
547 
801 
828 
611 
555 
712 
864 
831 
758 
717 
915 
918 
812 
751 
553 
621 
669 
874 
970 
861 
751 
867 
918 
070 
979 


180 
098 
971 
872 
878 
066 
543 
796 
821 
606 
563 
704 
851 
834 
736 
708 
904 
906 
797 
726 
530 
636 
675 
867 
959 
831 
753 
850 
903 
062 
957 


165 

076 
968 
864 
875 
644 
562 
791 
803 
585 
551 
704 
844 
818 
713 
716 
901 
903 
791 
710 
513 
639 
682 
860 
964 
820 
752 
842 
898 
057 
941 


157 
071 
964 
861 
869 
631 
579 
786 
798 
580 
569 
714 
839 
813 
713 
731 
903 
890 
802 
706 
512 
609 
701 
853 
967 
814 
765 
839 
902 
043 
935 


148 
056 
961 
874 
870 
612 
600 
788 
792 
563 
587 
720 
831 
803 
713 
741 
907 
885 
806 
703 
533 
603 
717 
867 
978 
819 
777 
847 
911 
051 
927 


150 

051 
956 
911 
890 
615 
634 
793 
790 
561 
607 
729 
841 
804 
732 
780 
907 
889 
810 
713 
542 
601 
751 
885 
984 
817 
797 
863 
924 
054 
929 


176 
053 
972 
890 
891 
594 
637 
821 
806 
564 
639 
751 
856 
806 
741 
778 
926 
904 
814 
723 
572 
611 
757 
909 
989 
826 
832 
870 
940 
067 
943 


26.371 


25.973 


25.540 


25.173 


24.942 


24.906 


24.980 


25.299 


25.617 


29.851 


S9.838 


29.824 


29.812 


29.805 


29.803 


29.806 


29.816 


29.8B7 


BKHABKS. 

August Ist, clear. 
" 2d, clear. 
" 3d, cloudy. 

" 4th, clear; rain from 6h. to lOh.; rain fall 0»».22. 
^' 5th, changeable. 
" 6th, cloudy j wind S. 

7th, clear. 
« 8th, clear. 
" 9th, clear. 
" 10th, cloudy. 
« 11th, cloudy. 



DESCRIPTION OF THE OBSERVATORY. 



101 



METEOROLOGICAL OBSERVATIONS. 

TXPO-BABOGRAPH. 
AvQVfn, 1M6. 


DAY. 


M. 


ML 


WL 


Uh. 


UA. 


14^ 


IM. 


WL 


17A. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12..... 
13..... 
14..... 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Smn,.. 


30.176 
30.064 
29.974 
29.903 
29.906 
29.589 
29.669 
29.847 
29.796 
29.565 
29.635 
29.791 
29.859 
29.818 
29.763 
29.817 
29.9ffi 
29.907 
29.817 
29.728 
29.583 
29.639 
29.769 
29.926 
30.004 
29.819 
29.833 
29.873 
29.958 
30.069 
29.950 


204 
063 

974 
911 
914 
581 
669 
844 
796 
559 
637 
804 
860 
815 
742 
824 
941 
908 
821 
723 
585 
616 
776 
945 
001 
819 
848 
882 
974 
080 
951 


189 
067 
974 
901 
903 
558 
663 
861 
795 
550 
638 
817 
868 
815 
737 
835 
941 
908 
827 
720 
585 
596 
783 
959 
999 
812 
855 
887 
989 
070 
949 


195 
063 
974 
891 
903 
547 
668 
866 
790 
546 
650 
858 
869 
823 
736 
856 
942 
906 
828 
709 
574 
590 
791 
963 
993 
785 
855 
903 
006 
065 
949 


196 
069 
957 
900 
901 
530 
669 
86f 
776 
544 
660 
837 
874 
816 
737 
852 
948 
901 
825 
695 
549 
581 
803 
977 
006 
777 
857 
900 
016 
065 
945 


188 
065 
950 
886 
891 
516 
692 
864 
776 
544 
658 
848 
875 
809 
737 
860 
956 
893 
837 
680 
557 
592 
800 
975 
010 
767 
859 
901 
019 
061 
938 


184 

060 
953 
896 
877 
505 
701 
866 
771 
548 
671 
862 
876 
809 
728 
860 
956 
884 
831 
664 
568 
596 
808 
975 
009 
754 
864 
917 
022 
055 
921 


183 

060 
952 
894 
877 
502 
721 
869 
768 
555 
671 
883 
878 
809 
715 
869 
951 
891 
836 
662 
569 
602 
823 
990 
019 
755 
866 
917 
032 
056 
921 


179 
062 
962 
917 
873 
511 
748 
880 
769 
557 
691 
895 
902 
819 
732 
884 
958 
884 
841 
666 
569 
608 
839 
005 
015 
756 
883 
932 
064 
059 
921 


25.973 


26.067 


26.051 


26.096 


26.030 


25.994 


25.993 


26.095 


26.381 


29.838 


29.841 


29.840 


29J42 


29J40 


29.838 


29.838 


29.842 


29.851 


Aag« 

tc 
cc 
cc 
cc 

cc 
cc 
cc 
cc 
cc 


St 12th 
13th 
14th 
15th 
16th 

mh 

18th 
19th 
20th 

2l8t 


, clear. 
, clear. 
, clear. 
, clear. 
, clear 

, clear. 
, clear. 
, clear, 
y clear. 
, cloud 


; amok 
32. 


BKMJ 

y; she 


I.SKS. 

»wer oi 


r rain 


at nig] 


[it; rai 


n&ll 
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DESCRIPTION OF THE OBSERVATORY. 



METEOEOLOGIOAL OBSBEVATIONS. 

TYPO-BAROGRAPH. 

ATTGimr, 1806. 


DAY. 


Wk. 


l«ft. 


aiA. 


21A. 


22h. 


2M. 


Sum. 


XeML 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23. 

24 

25 

26 

27 

28 

29 

30 

31 

Sam,... 

Mean,.. 


30.182 
30.063 
29 975 
29 940 
29.866 
29.509 
29.787 
29.893 
29.769 
29.559 
29.690 
29.929 
29.927 
29.836 
29.755 
29.924 
29.992 
29.903 
29.848 
29.672 
29.614 
29.627 
29.855 
30.016 
30.016 
29.760 
29.905 
29.953 
30.084 
30.070 
29.921 


218 
059 
976 
924 
859 
511 
797 
893 
753 
555 
716 
911 
917 
834 
752 
930 
004 
895 
853 
669 
629 
631 
877 
030 
016 
776 
919 
961 
104 
077 
922 


215 
057 
976 
941 
858 
513 
798 
889 
744 
554 
733 
912 
918 
828 
754 
936 
999 
897 
842 
662 
640 
629 
872 
041 
008 
770 
929 
962 
113 
075 
911 


206 
040 
978 
932 
842 
613 
818 
888 
735 
555 
731 
910 
912 
824 
765 
969 
992 
887 
836 
658 
637 
6'44 
891 
034 
994 
762 
926 
962 
120 
077 
902 


198 
039 
968 
932 
819 
537 
803 
885 
710 
557 
729 
905 
902 
822 
755 
960 
983 
884 
832 
636 
656 
656 
905 
022 
974 
762 
935 
967 
116 
065 
882 


184 
027 
954 
932 
791 
531 
816 
878 
686 
557 
722 
888 
887 
807 
752 
951 
956 
873 
823 
605 
660 
660 
895 
014 
943 
760 
918 
959 
107 
054 
865 


4.508 
1.682 
22.270 
21.725 
21.082 
13.880 
16.180 
20i»3 
18.787 
13.668 
15.411 
19.518 
21.006 
19.700 
17.822 
19.961 
21.688 
21.595 
19.808 
16.751 
13.871 
14.854 
18.765 
15.756 
13.795 
19.226 
20.176 
21.642 
12.001 
1.579 
20.496 


30.188 
30.070 
29.970 
29.905 
29.878 
29.578 
29.674 
29.845 
29.783 
29.569 
29.642 
29.813 
29.875 
29.821 
29.743 
29.832 
29.945 
29.960 
29.825 
29.698 
29.578 
29.619 
29.782 
29.948 
29.991 
29.801 
29.841 
29.902 
30.000 
30.066 
29.937 


26.840 


26.968 


26.976 


26.940 


26.796 


26.455 






29.866 


29.870 


28.870 


29.869 


29.864 


29.853 






REMARKS. 

August 22d, cloudy ; sprinkle of rain. 
" 23d, changeable. 
" 24th, clear. 

" 25th, clear; shower at night ; rain fall 0'".43. 
" 26th, changeable. 
" 27th, cloudy. 
" 28th, changeable. 
" 29th, clear; smoky. 
" 30th, clear; smoky. 
'* 31 St, changeable. 
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MBTBOBOLOGIOAL OBSBKVATIONS. 






TTPO-BABOOBAPH. 










KOTBHBBR, 1985, 








BAY. 


Oft. 


lA. 


». 


Mi. 


«k. 


aft. 


«. 


7A. 


aft. 


1 


30.183 


173 


162 


155 


148 


116 


136 


135 


116 


2 


29.836 


825 


817 


811 


809 


822 


820 


834 


822 


3 


29.949 


924 


916 


919 


921 


917 


923 


932 


924 


4 


29.713 


657 


638 


584 


551 


495 


461 


409 


395 


5 


29.324 


343 


364 


400 


435 


466 


504 


546 


576 


6 


29.724 


675 


630 


604 


604 


612 


609 


617 


600 


7 


30.040 


066 


097 


124 


163 


192 


217 


245 


267 


8 


30.318 


291 


260 


240 


209 


190 


168 


149 


127 


9 


29.963 


972 


984 


004 


024 


048 


069 


083 


096 


10 


30.326 


326 


327 


341 


352 


372 


401 


418 


441 


11 


30.493 


465 


418 


439 


434 


423 


421 


421 


419 


12 


30iMl 


197 


160 


138 


105 


062 


068 


044 


021 


13 


29.769 


748 


744 


731 


722 


724 


731 


734 


735 


14 


29 697 


690 


685 


687 


698 


703 


717 


724 


729 


15 


29.771 


752 


749 


738 


735 


738 


743 


754 


764 


16 


29.880 


865 


855 


852 


852 


850 


850 


841 


831 


17 


29.636 


593 


584 


584 


584 


602 


615 


677 


725 


18 


29.930 


918 


913 


925 


918 


922 


932 


«37 


956 


19 


30.018 


020 


001 


005 


031 


029 


046 


050 


069 


20 


30.148 


130 


117 


104 


099 


094 


091 


076 


065 


21 


29.655 


604 


562 


527 


484 


468 


448 


405 


368 


22..... 


29.253 


257 


261 


272 


292 


312 


337 


339 


341 


23 


29.500 


505 


511 


529 


553 


576 


608 


637 


650 


24..... 


29.804 


800 


803 


804 


813 


819 


843 


846 


843 


25 


29.814 


802 


799 


797 


804 


804 


807 


813 


813 


26 


29.821 


808 


793 


793 


795 


802 


805 


810 


811 


27 

28 

29 


29.683 


660 


642 


635 


625 


622 


625 


636 


628 


30.008 


"997 


972 


'967 


■959 


955 


'958 


946 


933 


30 

Sun,.. 


29.672 


633 


604 


570 


538 


515 


512 


477 


440 


25.169 


24.695 


24.398 


24J274 


24.257 


24iW0 


24.465 


24.535 


24.507 


29.868 


29.851 


29.841 


29.837 


29.836 


29.837 


29.844 


29.846 


29.845 




UBMAXaSM, 








Nov. 


l8t, rain and high S. wind, from 16th h. 


to noo 


nof th 


e 2d. 


M 


2d, cloudy. 








9 


8d, rain after midnight, continued wi 
until after midnight of the 4th. 


ithout 


interm] 


ission 


U 


4th, high wind firom the N. W. began tc 
A. ic 


blow 


at llh. 


80m. 


(C 


5th, wind continued violent until 8 p. k. 








<c 


6th, high wind from S. W. 








C( 


7th, clear. 








u 


8th, clear and pleasant 








u 


9th, cloudy. 









23 
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DESCRIPTION OF THE OBSERVATORY 



* 


METEOEOLOGICAL OBSEEVATIOXS- 






TyPO'BAKOGRAPH. 












KarsuBKB, m&. 










DAY. 


9K. 


KM. 


llA. 


Wk 


IM. 


14^ 


IBh. 


ISA. 


17*. 


1 


30.110 


112 


106 


095 


081 


043 


024 


003 


994 


2 


29.859 


857 


857 


861 


865 


876 


876 


881 


886 


3 


29.911 


924 


905 


902 


902 


895 


880 


856 


843 


4 


29.377 


353 


334 


325 


330 


321 


316 


316 


323 


5 


29.613 


638 


667 


701 


727 


755 


767 


798 


806 


6 


29.605 


613 


621 


636 


646 


686 


718 


752 


803 


7 


30.286 


292 


293 


312 


318 


325 


336 


337 


346 


8 


30.115 


084 


060 


064 


029 


003 


972 


959 


941 


9 


30.120 


135 


152 


175 


185 


202 


208 


220 


239 


10 


30.457 


467 


469 


473 


471 


464 


472 


479 


478 


11 


30.413 


406 


398 


394 


374 


372 


353 


342 


337 


12 


29.996 


971 


959 


945 


928 


918 


906 


893 


884 


13 


29.730 


728 


725 


728 


735 


733 


737 


737 


739 


14 


29.733 


741 


741 


727 


727 


743 


737 


761 


768 


16 


29.771 


782 


795 


805 


812 


816 


815 


826 


841 


16 


29.827 


825 


816 


815 


800 


788 


775 


761 


745 


17 


29.764 


803 


824 


840 


827 


878 


867 


869 


<866 


18 


29.953 


957 


959 


963 


947 


941 


949 


965 


941 


19 


30.078 


088 


084 


077 


083 


106 


120 


123 


124 


20 


30.052 


062 


014 


009 


978 


928 


894 


900 


876 


21 


29.340 


304 


278 


275 


252 


255 


257 


245 


236 


22 


29.341 


345 


353 


357 


365 


369 


374 


382 


397 


23 


29.664 


675 


685 


695 


706 


719 


724 


736 


747 


24 


29.846 


847 


847 


839 


835 


834 


828 


823 


824 


25 


29.813 


807 


805 


793 


784 


777 


780 


792 


794 


26 


29.814 


816 


816 


810 


804 


798 


774 


766 


757 


27 

28 

29 


29.644 


649 


720 


749 


775 


816 


822 


838 


852 


i»'.926 


"906 


"876 


'858 


'848 


'840 


822 


"795 


'796 


30 

Sam,.. 
Mean,. 


29.394 


402 


361 


317 


299 


292 


279 


266 


253 


24.546 


24.589 


24.520 


24.540 


24.433 


24.493 


24.382 


24.421 


24.435 


29.846 


29.848 


29.846 


29.846 


29.842 


29.845 


29.841 


29.842 


29.843 






BEM^ 


kUKS. 










Nov. 


lOtlij cloudy" 




- 










a 


llth, changeable. 














ti 


12th, changeable. 














It 


13th, cloudy; haze. 














it 


14th, clear; hazy- 














u 


15ih, clean 














it 


16th, changeable. 














tt 


nth, changeable. 














ti 


18th, rain storm. 














ti 


19th, rain. 
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METEOEOLOGIOAL OBSEEVATIONS. 






TTPO-BAKOGBAPH. 










NoTXHBm, 186S. 








BAY. 


3M. 


IM. 


TDh, 


2t\. 


m. 


2M. 


Sam. 


M«MI. 


1 


29.968 


961 


963 


934 


915 


900 


8.552 


30.065 


2 


29.885 


887 


905 


926 


934 


949 


20.700 


29.8G2 


3 


29.839 


834 


895 


806 


788 


762 


21.207 


29.884 


4 


29.320 


316 


318 


306 


312 


330 


9.802 


29.408 


5 


29.810 


826 


829 


822 


804 


783 


15.304 


29.638 


6 


29.847 


898 


940 


975 


003 


026 


15.444 


29.727 


7 


30.341 


342 


356 


357 


353 


342 


6.347 


30.264 


8 


29.930 


981 


940 


945 


958 


958 


10.841 


30.077 


9 


30^248 


285 


302 


331 


336 


842 


6.725 


30.155 


10 


30.492 


503 


510 


511 


514 


514 


10.578 


30.441 


11 


90.326 


320 


318 


311 


296 


272 


9.195 


30J83 


12 


29.870 


863 


860 


861 


847 


812 


14.564 


29.982 


13 


29.741 


750 


758 


751 


745 


731 


17.706 


29.738 


14 


29.772 


781 


800 


806 


802 


788 


17.757 


29.740 


15 


29.849 


869 


885 


892 


892 


893 


19.287 


29.804 


16 


29.724 


726 


724 


702 


696 


675 


19.077 


29.795 


17 


29.882 


897 


912 


921 


934 


946 


18.630 


29.776 


18 


29.947 


963 


994 


999 


003 


006 


20.840 


29.952 


19 


30.124 


134 


159 


168 


167 


167 


2.065 


30.086 


20 


29.846 


836 


831 


798 


751 


705 


10.404 


99J7S 


21 


29.242 


247 


248 


251 


257 


259 


8.467 


29.353 


22 


29.415 


436 


452 


477 


497 


502 


8.726 


29.364 


23 


29.763 


772 


801 


815 


826 


810 


16207 


29.675 


24 


29.824 


831 


841 


843 


844 


836 


19.917 


29.830 


25 


29.805 


809 


816 


831 


843 


838 


19.340 


29.806 


26 


29.753 


753 


753 


746 


737 


712 


18.847 


29.785 


27 

28 

29 


29.869 


885 


924 


902 


928 


939 


18.068 


29.753 


S».778 


"787 


"775 


*769 


'745 


'696 


19.906 


29'.87i 


30 

Sum, ... 
Mean,.. 


29.247 


252 


261 


275 


294 


314 


9.465 


;©.394 


24.477 


24.694 


25.009 


25.027 


25.023 


24.809 






29.844 


29.852 


29.862 


29J63 


29.863 


29355 








BKHABKS. 








Nov. 2 


Othy rain Btorm. 








" 2 


Ist, rain from noon of 2l8t to noon < 


>f 22d. 






« 2 


2d, cloudy ; no wind. 








" 2 


dd, cloudy ; no wind. 








« 2 


4th, cloudy. 








« 2 


5th, cloudy. 








u 2 


6th, changeable. 








« 2 


7th, one inch of snow fell after midn 


ight, 






« 2 


8th, machine taken down to make s 
a new form of unlocking. 


ome ej 


:perimen1 


bs with 


" 2 


9th, cloudy. 








" 8 


0th, clouds moving rapidly to the 
indicates wind.*' 


S. £. 1 

• 


It 22h., 


" curve 
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DESCRIPTION OF THE OBSEEVATORY. 





MJBTJfiOBOLOGIOAL OBSERVATIOlirS. 






(TYPO-BABOa&AFH. 










Jtecnank,lMS. 










DAT. 


OIL 


lA. 


». 


I^ 


«. 


SA. 


ah. 


7A. 


M. 


1 


29.331 


390 


363 


463 


415 


45S 


483 


509 


5B7 


2 


29.766 


788 


707 


665 


672 


«66 


654 


665 


6S7 


3 


39il35 


954 


«72 


981 


981 


067 


031 


039 


025 


4 


29.835 


805 


787 


783 


783 


789 


778 


814 


835 


5 


10.041 


034 


037 


050 


054 


058 


079 


096 


urn 


6 


29.970 


950 


936 


934 


918 


906 


901 


888 


871 


7 


29.422 


379 


355 


386 


415 


451 


490 


520 


573 


8 


30.031 


015 


016 


.038 


067 


077 


093 


114 


118 


9 


30.133 


092 


038 


010 


961 


936 


915 


904 


869 


10 


29.723 


729 


734 


745 


754 


751 


781 


808 


819 


11 


29.945 


932 


934 


950 


966 


971 


995 


012 


017 


12 


29.933 


906 


885 


866 


847 


842 


834 


831 


819 


13 


30.045 


«45 


027 


043 


Oil 


007 


019 


026 


034 


14 


29.970 


947 


914 


909 


889 


931 


943 


996 


017 


15 

16 

17 


29.996 


992 


:995 


001 


006 


013 


034 


039 


047 


30.451 


050 


"042 


'055 


"663 


"072 


'079 


'ido 


117 


18 


30J32 


129 


128 


124 


107 


064 


043 


016 


987 


19 


29.470 


437 


404 


395 


395 


381 


404 


396 


420 


20 


29.897 


«72 


863 


881 


B93 


887 


883 


826 


763 


21 


29.408 


451 


480 


502 


592 


683 


785 


792 


899 


22 


29.917 


888 


890 


897 


904 


920 


944 


991 


031 


23 


80.396 


384 


369 


370 


363 


369 


380 


392 


376 


24 


29.699 


573 


560 


.549 


519 


527 


519 


501 


466 


25 


29.560 


582 


597 


617 


647 


662 


685 


720 


740 


26 


29.818 


«10 


782 


767 


781 


778 


781 


759 


726 


27 


29.449 


493 


576 


649 


718 


803 


862 


892 


932 


28 


29.889 


847 


812 


812 


807 


786 


780 


792 


800 


29 


80.147 


155 


154 


175 


199 


215 


343 


261 


981 


30 


30.182 


160 


141 


116 


108 


112 


113 


118 


121 


31 

8am... 


80i»8 


239 


215 


197 


186 


166 


154 


142 


133 


26.369 


25.936 


25.712 


25.870 


26.031 


26.282 


36.634 


26.966 


27.070 


99.879 


29.864 


29.857 


29.862 


29.868 


29JB76 


29.888 


29.899 


29.903 




BBICARKS. 










Dec. 


let, wind began to blow from the 


S. atr 


loon. 






(( 


2d, high S. wind continued until 


after n 


aidnig}] 


It. 




(( 


Sd, rain during the night. 










a 


4th, Btrong breeze from N. W. be 


ganaft 


ermidj 


light. 




c« 


5th, wind N. W., changeable. 










(C 


6th, began to snow at 16h. ^ 










u 


7th, snow continued until 4 f. x. ; 


fall of 


'water, 


0.2^ 




cc 


8th, changeable. 










u 


9th, sprinkle of snow. 










i( 


10th, changeable. 










u 


llth^ clear. 











DESCRIPTION OF THE OBSERVATOEY. 



107 





^ 






METBOEOLOGIOAL OBSFiBVATIOIfS. 






TSfPOBABOORAPH. 






Dmbxbd, 18661 

• 




DAY. 


M. 


lOft. 


IJA. 


11%. 


IM. 


lO. 


UA. 


laft. 


17ft. 


1 


29.567 


610 


657 


658 


679 


717 


718 


727 


752 


2 


29.651 


650 


646 


660 


656 


685 


706 


717 


734 


3 


30.035 


036 


034 


027 


991 


968 


966 


952 


955 


4 


29.879 


907 


919 


910 


917 


931 


923 


928 


936 


5..... 


30.100 


061 


077 


059 


041 


036 


034 


027 


023 


6 


29.846 


832 


824 


783 


753 


706 


675 


637 


611 


7 


29.632 


687 


731 


759 


787 


826 


865 


901 


931 


8 


30.118 


119 


130 


132 


136 


152 


146 


159 


160 


9 


29.829 


779 


753 


715 


704 


690 


684 


680 


669 


10 


29.826 


819 


8» 


835 


851 


886 


876 


870 


879 


11 


30.011 


013 


013 


008 


996 


986 


995 


985 


973 


12 


29.804 


833 


819 


802 


817 


815 


832 


867 


886 


13 


30.016 


Oil 


003 


999 


002 


006 


995 


991 


985 


14 


30.012 


017 


024 


997 


991 


993 


991 


984 


989 


15 

16..... 
17 


30.044 


049 


053 


051 


054 


061 


063 


069 


080 


3D.i23 


'096 


'107 


'lis 


'126 


'146 


"172 


'iS 


'155 


18..... 


29.961 


940 


906 


864 


831 


«25 


76<^ 


708 


648 


19 


29.438 


456 


482 


503 


513 


558 


605 


649 


699 


20 


29.721 


679 


595 


592 


477 


335 


298 


221 


176 


21 


29.862 


895 


916 


922 


936 


951 


969 


961 


970 


22 


30.070 


101 


138 


167 


198 


244 


271 


290 


303 


23..... 


30.357 


334 


292 


274 


235 


197 


166 


112 


080 


24 


29.470 


466 


451 


4^ 


434 


449 


447 


460 


494 


25 


29.765 


788 


795 


796 


799 


820 


821 


812 


823 


26 


29.731 


694 


675 


636 


601 


577 


527 


492 


466 


27 


29.928 


937 


970 


986 


995 


024 


032 


032 


037 


28...,. 


29.800 


840 


860 


880 


907 


922 


958 


968 


974 


29 


30.288 


290 


303 


293 


307 


286 


290 


278 


278 


30 


30125 


131 


136 


139 


147 


158 


186 


195 


214 


31 

SllID).* 

Mean,. 


30.129 


116 


098 


061 


037 


023 


005 


973 


966 


27.138 


27.196 


27.238 


27.060 


26.918 


26.973 


26.976 


26.821 


26.847 


29.905 


29.906 


29.908 


29.902 


29.897 


29.899 


29.899 


29.894 


29.895 




KEHARKS. 




Dec. 


12th, rain from 23h. of 11th until after midnight. 




(i 


13th, flurries of snow, wind N. W. 




u 


14th, high wind from N. W. 




u 


16th, changeable. 




u 


16th, machine taken down to test a new barometer tube 




a 


17th, clear. 




it 


18th, snow at 7 p. m. ; ••curve indicates a gale of wind.' 


> 


u 


19th, no wind from 6 to 10 p. M. ; violent gale of wind 


from 




the W. began at 11 p. m. Oscillation of the bi 


girom- 




eter the greatest ever before observed here. 




u 


20th, snow at 9 p. m. ; heavy gale of wind from the W. a1 


^20h. 


it 


21st, gale from W. continued until 8 p. m. 




tt 


22d, clear. 
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DESCRIPTION OF THE OBSEEVATOEY. 



METEOROLOGICAL OBSEEVATIONS. 

TTPO-BAKOGRAPH. 

DXCKXBKR, 1865. 

• 


DAY. 


IM. 


IM. 


ao*. 


2U. 


tth. 


2M. 


fiom. 


Umn. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26. 

27 

28 

29 

30 

31 

Sam,.... 

Mean,... 


29.757 
29.774 
29.934 
29.957 
30.017 
29.598 
29.957 
30.168- 
29.678 
29.927 
29.981 
29.926 
29.995 
30.010 
30.086 

30167 
29.617 
29.749 
29.179 
29.973 
30.334 
30.070 
29.500 
29.835 
29.482 
30.046 
29.999 
30.283 
30.237 
29.950 


773 
823 
935 
974 
010 
559 
989 
181 
680 
914 
971 
976 
997 
027 
104 

m 

608 
831 
152 
954 
356 
020 
511 
849 
448 
039 
030 
291 
256 
942 


797 
875 
921 
999 
002 
556 
Oil 
179 
694 
934 
970 
023 
000 
039 
119 

*i73 
586 

840 
132 
953 
882 
998 
555 
842 
420 
025 
054 
288 
275 
934 


807 
905 
917 
015 
012 
585 
039 
194 
713 
955 
952 
071 
001 
038 
128 

"175 
564 

898 
213 
968 
406 
919 
580 
865 
413 
026 
091 
282 
292 
938 


830 
932 
901 
059 
010 
501 
051 
190 
721 
959 
957 
102 
008 
040 
135 

'165 
551 
915 
302 
968 
404 
852 
603 
857 
438 
002 
126 
296 
300 
932 


791 
932 
861 
056 
984 
427 
041 
164 
712 
960 
952 
063 
993 
Oil 
128 

"162 
512 
900 
368 
928 
409 
775 
601 
846 
461 
951 
143 
239 
295 
916 


14.645 
17.536 
15.358 
18.519 

2.062 
18.121 
13.198 

2.897 
15.559 
20.167 
17.485 
17.409 

7.250 
13.682 

4.347 

"2*843 

12.606 

13.740 

13.204 

19.628 

11.455 

9.080 

12.397 

18.143 

15.063 

12.394 

16.877 

6.121 

4.257 

9.720 


29.610 
29 731 
29.973 
29.897 
30.044 
29.755 
29.717 
30.121 
29.815 
29.840 
29.978 
29.892 
30.011 
29.987 
30.056 

30.ii8 
29.859 
29.572 
29.550 
29.818 
30.144 
30.212 
29^16 
29.756 
29.628 
29.891 
29.911 
30ii55 
30.177 
30.072 


27.186 


27.370 


27.569 


27.902 


28.107 


27.601 






29.906 


29.912 


29.919 


29.931 


29.937 


29.920 






BEMABKS. 

Dec. 23d, Bttow, wind S. 

« 24tb, cloudy. 

" 26th, dear. 

'< 26th, thaw, spritikle of rain, wind S. 

" 27th, winds. 

" 28th, snow and sleet, wind K E.; at 11 P. M. wind W. 

" 29th, began to snow at 22h., wind N. W. 

" 80th, snow continued to 8 p. m., fall 3 inches. This was 
probably an eastern storm, although the wind here 
was N. W. At New York and Boston, according 
to the reports, it began about 6 hours earlier than 
at this place. 

« 81st, clear. 
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MBTEOEOLOGIOAL OBSEEVATIONS. 






TYPO-BABOGBAPH. 




MEAN FOB HOUIU3. 


Mean of the 
live months. 


AOUBd. 


Jane. 


July. 


Aiw. 


Nov. 


Dec 




fn. 


Uu 


m. 


In, 


in. 


In. 





29.887 


29.786 


29.851 


29.868 


29.879 


29.854 


1 


.878 


.778 


.838 


.851 


.864 


,842 


2 


.866 


.772 


.824 


.841 


DDL 857 


.832 


8 


.854 


.764 


.812 


.837 


.862 


.824 


4 


.847 


.759 


.805 


m. 836 


.868 


.823 


5 


m. 842 


m. 754 


m. 803 


.837 


.876 


m. 822 


6 


.842 


.754 


.806 


.844 


.888 


.827 


1 


.846 


.758 


.816 


.846 


.899 


.833 


8 


.862 


.764 


.827 


.845 


.902 


.838 


9 


.865 


.777 


.838 


.846 


.905 


.846 


10 


.869 


.783 


.841 


M.O 848 


.906 


.849 


11 


M.o872 


Ko784 


.841 


.846 


M.0 908 


M.o850 


12 


.872 


.780 


M.e 842 


.846 


.902 


.848 


13 


.870 


.775 


.840 


.842 


.897 


.845 


14 


.869 


.770 


.838 


.845 


.899 


.844 


15 


m.o 868 


in.o767 


m.o 838 


m.o841 


.899 


m.e 843 


16 


.872 


.773 


.842 


.842 


m.o 894 


.845 


17 


.883 


.783 


.851 


.843 


.895 


.851 


18 


.892 


.791 


.866 


.844 


.906 


.860 


19 


.899 


.801 


.870 


.852 


.912 


.867 


20 


M. 902 


M. 810 


M, 870 


.862 


.919 


.873 


21 


.900 


.810 


.869 


M. 863 


.931 


M. 875 


22 


.896 


.808 


.864 


.863 


M. 937 


.874 


23 


• 892 


.804 


.853 


.855 


.920 


.865 



m = the minimnm of the afternoon. 
Mq = the maximum of the night, 
mo = the minimum of the morning. 
M = the maximum of the morning. 



no 



DESCRIPTION OF THE OBSERVATORY. 



METEOEOLOGICAL 


OBSERVATIONS. 




TTPO-BAKOGKAPH. 










MKAN FOa SATB. 






DAYS. 


June. 


July. 


August. 


Nov'r. 


Dec'r. 


1 


29. 820 


29. 722 


30.188 


30.065 


29. 610 


2 


29.851 


29. 720 


30.070 


29. 862 


29. 731 


3 


29. 844 


29. 796 


29. 970 


29. 884 


29. 973 


4 


29. 814 


29. 766 


29. 905 


29.408 


29.897 


5 


30.090 


29.921 


29. 878 


29. 638 


30.044 


6 


30. 070 


29. 758 


29. 578 


29. 727 


29. 755 


7 


29. 840 


29. 696 


29. 674 


30.264 


29. 717 


8 


29.890 


29. 719 


29. 845 


30.077 


30.121 


9 


29. 759 


29. 886 


29. 783 


30.155 


29. 815 


10 


29.706 


29. 817 


29. 569 


30.441 


29. 840 


11 


29. 835 


29. 705 


29.642 


30.383 


29.978 


12 


29. 710 


29. 678 


29. 813 


29. 982 


29. 892 


13 


29. 916 


29. 819 


29. 875 


29. 738 


30. Oil 


14 


30.069 


29. 886 


29. 821 


29.740 


29. 987 


15 


30.118 


29. 836 


29. 743 


29.804 


30.056 


16 


30.000 


29.600 


29. 832 


29. 795 


..••«• 


17 


29. 921 


29. 625 


29. 945 


29.776 


30.118 


18 


29.900 


29. 681 


29.900 


29. 952 


29. 859 


19 


29. 875 


29. 562 


29. 825 


30.086 


29. 572 


20 


29.857 


29. 770 


29. 698 


29. 975 


29.550 


21 


29.849 


29. 881 


29. 578 


29. 353 


29. 818 


22 


29. 908 


29.884 


29. 619 


29.364 


30. 144 


23 


30.022 


29.840 


29. 782 


29. 675 


30. 212 


24 


29. 895 


29. 849 


29. 948 


29.830 


29. 516 


25 


29. 730 


29. 632 


29.991 


29.806 


29. 756 


26 


29. 587 


29. 632 


29. 801 


29. 785 


29. 628 


27 .... 


29. 724 


29.702 


29. 841 


29. 753 


29. 891 


28 


29. 861 


29.664 


29.902 




29.911 


29 


29. 684 


29. 858 


30.000 


29. 871 


30. 255 


30 


29. 755 


30.076 


30. 066 


29. 394 


30. 177 


31 




30.187 


29. 937 


h . • . . . 


30.072 
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DiniQTAL MAXIMA AXO MINIMA. 
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Min. 


Max.o 


Min., 


Max. 


June, 


5 P.M. 

5 " 

5 " 

4 •• 

2 " 

6 " 

5 " 

3 " 


11 P. M. 

11 « 

12 " 

10 " 

11 " 

11 " 
11 " 
11 " 


3 A. M. 
3 «« 
3 " 

3 " 

4 " 

3 « 

3 " 

4 « 


8 A. M. 
8 " 

8 " 

9 " 
10 " 

9 " 

8 " 

10 " 


Julv, 


August, 

November, 

December, 

Mean for all, ... 

Summer, 

Autumn, 



MAXIMA AND MINIMA IN BACH MONTH. 



DATE. 


1 


o 
K 


Max. 


1 




Min. 


Hourly 
Bange. 


June, 

July, 

August, . - - 
November, 
December, . 


5 
31 

1 
10 

22 


20 

19 



22 
23 


in. 
30.186 
30.256 
30.225 
30.514 
30.409 


26 
]6 
6 
21 
20 


11 

14 
16 
17 
20 


ire. 
29.500 
29. 457 
29. 502 
29. 236 
29. 132 


in. 
0.686 
0.799 
0.723 
1.278 
1.277 



Max. Bar. recorded 30.514. Min. 29.132. 

MAXIMA AND MINIMA FOE DAYS. 



MONTH. 



June, 

Jnly 

Augtist, .. 
November, 
December, 



Day. 



15 
31 
1 
10 
29 



Max. 



tn. 
30. 118 

30. 187 

30. 188 
30. 441 
30. 255 



Day. 



26 

19 
10 
21 
24 



Min. 



tn. 
29. 587 
29. 562 
29.569 
29. 353 
29. 516 



Daily 
Bange. 



tn. 

0.531 
0.625 
0.919 
1.091 
0.739 



Maximum Day, Nov. 10th, 30'".441. Minimum Day, Nov. 
21st, 29".353. 



24 
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METEOEOLOGIOAIi OBSBEVATIONS. 

TXPO-BABOGBAPH. 



LunftT Houn. 


June. 


July. 


August. 


Mean. 





29.868 


29.779 


29.840 


29.829 


1 


867 


779 


839 


828 


2 


867 


779 


839 


828 


3. 


868 


780 


838 


829 


4 


869 


780 


837 


829 


5 


866 


780 


837 


828 


6 


868 


780 


837 


828 


7 


868 


782 


837 


829 


8 


866 


781 


837 


828 


9 


867 


780 


836 


828 


10 


868 


781 


837 


829 


11 


869 


782 


838 


830 


12 


870 


785 


837 


831 


13 


870 


789 


838 


832 


14 


869 


788 


838 


832 


15 


871 


789 


837 


832 


16 


872 


787 


835 


831 


17 


872 


784 


835 


830 


18 


871 


781 


833 


828 


19 


870 


782 


831 


828 


20 


868 


785 


829 


827 


21 


867 


787 


831 


828 


22 


869 


788 


828 


828 


23 


869 


789 


831 


830 



This table was obtained by interpolation from the hourly 
printed results. It was computed in order to determine the 
effect of the moon in raising tides in the atmosphere. 

The time from one transit of the moon to the next was 
regarded as the lunar day, and was divided into 24 equal 
parts, each representing a lunar hour; hours indicating the 
upper and 12 hours the lower transit. 

These results do not show any fixed maxima and minima, 
but they indicate that the effect of the moon in raising 
atmospheric tides is very feeble. The subject, however, is 
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an interesting one, and worthy of a thorough investigation. 
It is our intention to attach an additional apparatus to our 
mechanism, so as to print the barometrical heights every 
lunar hour. By this plan accurate results would be attained 
with but a small outlay of time Mid labor. 

We have recently attached to our instrument an additional 
mechanism, for counting the pulsations of the atmosphere, or 
the oscillations of the barometrical column. The examina- 
tion of the curve will give us some idea of the amount of the 
oscillation, but in order to deduce the numerical results it 
would require a large outlay of time and labor, and the 
results at best would only be an approximation. As in our 
mechanism the wheels a, a\ make a complete revolution for 
every change of roW of an inch in the pressure, it is a simple 
problem to register the number of revolutions, which at once 
tdls us how far the barometrical column has moved in a day 
or any other period. We have noticed that previous to, and 
during great storms of wind or rain, the barometrical column 
was in a continual state of agitation, and we were anxious to 
determine whether the amount of the disturbance, numerically 
expressed, would not afford an indication of coming weather. 

This subject has not been studied for a sufficient length of 
time to decide positively with regard to the value of this ele- 
ment in indicating the weather, but we do know that the 
numerical record of the oscillations aid greatly in the inter- 
pretation of past phenomena. 

For the thorough investigation of this subject we ought to 
use a barometrical column with a surface of at least one 
square inch. The middle of this column should support a 
float which would move with the least possible friction. Such 
a float has been devised. With such an instrument I believe 
the minute waves of pressure could be recorded, which can- 
not be observed with a column of ordinary size. 
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I have for some time entertained the opLnion, that a delicate 
barometer would be aifected by tbe small pulsations of the 
atmosphere, which I have imagined precede great storms, 
from one to three days in advancew 

As the numerical record of the oscillations was not begun 
until about the 1st of January, 1866, but few results can be 
given, bearing upon this topic. We here append, how* 
ever, the record for January, 1866, which if of no scientiJBc 
value, may at least be of some interest, mnce so far as we 
know it is the first record of the kind which has been made* 

The 1st column is the date; the 2d,h = barometrical htght 
at noon ; 3d, m = variation dS pressure in 24 hours ; 4th, 
m' = maximum variation of pressure in 24 hours ; 5th, o = 
number of oscillations in 24 hours, from noon of the date to 
the noon following; 6th, t = Fahrenheit thermometer at 8 
a. m ; 7th, remarks on the weather. 

In the 3d column, the sign phtSf indicates an in<»'ease and 
imnii«, a decrease of pressure. 

From the 18th to the 22d, the assistant, during my absence, 
neglected to read the record of the oscUlations. 

It may here be remarked, that the barometer on the 8th 
of January, attained a higher elvation, than has probably 
ever before been recorded in the United States. 

At 11 A. M. of the 8th, the barometrical height, reduced to 
32^ Fahrenheit and the level of the sea, was 31^.11, and at 
stations west of this place, on nearly the same parallel of 
latitude it stood at 31'".22. This unusual elevation of the 
barometer was accompanied with a corresponding depression 
of the thermometer. At this place the temperature waa 
below zero for sixty consecutive hours. 
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METEOBOLOGIOAL OBSERVATIONS. 
Jastjabt, 1866. 
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Ths Swedish Tabulating Machine of O. & E. Scheutz. 

It is a well known fact that Mr. Ohables E. Babbage was 
the first to attempt the construction of a Difference Engine ; 
but owing to some misunderstanding between the inventor 
and the English goTemmentf under whose patronage the 
work was carried on, it was never completed. 

In the Edinburgh Eeview for July, 1834, Dr. Labdneb 
gave an account of Mr. Babbagb's machine, which, coming 
under the eye of Mr. George Scheutz, an eminent printer 
at Stockholm, he conceived the idea of building one which 
should do the work contemplated by Mr. Babbage, but on a 
totally different plan, as regards the details of the mechanism. 
After proving the practicability of his ideas in the construc- 
tion of some models, it was allowed to rest for a year or two. 
In 1837, Edwabd, the son, took up the plan, and in coigunc- 
tion with his father completed a machine of small compass in 
1840. This was exhibited before the Swedish Academy of 
Sciences in 1843. On the certificate of that body, orders to 
manufacture machines were solicited in different countries, 
but without success. After numerous failures to secure assis- 
tance from the Swedish government, for the purpose of con- 
structing a large and complete machine, finally in 1851, the 
Diet with difficulty consented to advance 5,000 nx-doUars, 
(about $1,500)^ on condition that the machine should be com- 
pleted within a year, and that the inventors should give a 
guarantee to return that sum to the State if it did not prove 
successful. 

Having already expended all their means in the construc- 
tion of models and tools, they were unable to give the neces- 
sary guarantee, and the invention would probably have been 
abandoned, but for the noble liberality of fifteen members of 
the Swedish Academy of Sciences, who became responsible 
for the amount advanced. 
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The machine was completed in 1853, and performed its 
work perfectly. In consideration of the sn^ocessful issue of 
the project, and the large sums that had been expended 
by the inventors, the Diet granted a reward of 5,000 rix-dol- 
lars, thus making the total grant 10,000 rix-dollars. 

The machine was taken to England and exhibited before 
the Boyal Society of London, and also placed in the great 
Paris Exposition, where the Gold Medal was unanimously 
awarded to the inventors. 

It was purchased for the Dudley Observatory in 1856, at 
an expense of $5,000. 

This machine was the only one built until 1863, when a 
duplicate was made for the Begistrar Oeneral's Office, 
London, England. 

This machine possesses a twofold power, with mechanism 
appropriate for each ; not necessarily connected, though sim- 
ultaneous and automatic in its entire action. These functions 
are, first, the production of certain numerical results ; second, 
the conversion of those results into a permanent legible record. 

The theory of the machine is based on the mathematical 
truth, that in any series of numbers, the nth order of differ- 
ences may be regarded as equal to zero, where n may be* any 
number whatever. To produce such a series by mechanical 
means, the only condition necessary is that there be as many 
variable wheels indicating the numbers as we have differ- 
ences. K n was a very large number, the mechanism would 
become cumbersome and unwieldly. It is found in practice 
that for the great majoritj^of-useful computations, four orders 
of differences are sufficient. 

This machine is constructed for four orders, and will conse- 
quently compute any series, in which the foovth (or any 
inferior) order of differences are equal. 
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This will be hkn^ easily understood by a simple illustration. 
Suppose it is desired to tabulate the series of square num- 
bers beginning with unity. Let tis first see how these 
numbers can be produced by meam of successive differences. 
We arracige them for convenience in the following taMe: 

Namber. Square. Istdiff, 2ddiff. 3d difll 

1 1 



2 



3 9 2 

7 

4 16 

Having given the number (1) square of 1, and the first dif- 
ference 3 = (2» — V) and the second diff. 2 = (3» — 2») — 
(2* — V), the squares of all successive numbers may be found 
by continued additions. 

The difference between (2* — P) = 3 is the first diff. ; the 
second diff. (2) is constant. Then, 

(3)» = 9 = (2)» + 1st diff. (3) + 2d diff. (2), 

or 9 = 4 + (3 + 2), 

or.9 = 4 + 5, (5) being the second number in column oi 
first differences. 

And «tiie same process may be repeated to any ext«[it 

What how is required in a machine, is, first to be able to 
produce the first order of differences, having given the first 
difference 3, and the second difference (2) constant. 

Suppose we have a wheel, on the drcnmference of wfaidi 
is inscribed, at «qual distances apart, the numbers, 0, 1, 2, 3, 
4, S, 6, 7, 8, 8. If this wheel should be set so that the flguie 
3 should coincide with a fixed mark, and by means of any 
simple mechanismt it should be made to advance two divis- 
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ions at every motion of a lever, we should saccessively cause 
the numbers 3, 5, 7, 9, to coincide with the mark ; and if 
when the wheel has made a complete revolution, it should 
cause another wheel placed by its side to advance one divis- 
ion, the process may be continued so as to form the series of 
first differences, in which every successive number would be 
greater by 2 than the number precediog. 

This principle of successive additions is exemplified in an 
ordinary clock ; for at every oscillation of the pendulum the 
second-hand advances one division, and after this has made a 
complete revolution, the minute-hand has also advanced one 
division. By a slight change in the escapement wheel, the 
second wheel could be made to advance 2, 3, or 4 divisions at 
every oscillation. Hence it will be readily understood how, 
by simple machinery, any constant quantity may be added. 

Now suppose we have three wheels, placed one above the 
other on a vertical (shaft) axis, on each of which is inscribed 
zero and the nine digits, corresponding with a like number of 
divisions on their surfaces. If the number 1 on the upper 
wheel, 3 on the second wheel, and 2 on the third wheel, be 
brought opposite a fixed or zero point; and the nature of 
these wheels be such, that when set in motion by a lever from 
right to left, the second wheel adds its number to the upper 
wheel, and by a motion of the lever from left to right, the 
third wheel adds its number to the second (being in this case 
constant and always equal to 2) ; from this arrangement, we 
will be able to compute a table of square numbers. 

We begin by moving the lever from right to left ; when 3 
(the number on the second wheel) will be added to 1 (the 
number on the upper wheel), making 4 the square of 2. On 
moving the lever back, 2 on the third wheel is added to 3 
on the second wheel, making 5. Moving our lever back 
again from right to left, 5 is added to 4 on the upper wheel, 

25 
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making 9, the square of 3. Bepeating the process, y^e next 
get 7 on the second wheel ; which added to 9 on the upper 
makes 16, the square of 4. 

It is evident from the above statement that the series of 
squares is developed by a process of addition, in which the 
constant significant diflference, increased by each preceding 
first difference, generates the order of first differences ; and 
with the sum of the preceding first difference and square, 
produces the series of squares. This principle is true for any 
series, whatever number n may be. 

It will now be readily understood, should we have a series 
of wheels, ranged under each other, the nature of which 
should be such that the series below should add its number 
to the one above, we could produce any series of numbers in 
which the fourth order of differences should be equal. 

Plate lY is a perspective view of the machine drawn on a 
scale of i the full size. 

The successive orders of differences are represented by Z^ 
Ai* A29 As And A4* There are 15 vertical steel axles, each 
passing through five hollow rings of metal, on which are 
engraved and the nine digits, 

no. 1. 




There is a groove cut around the circumference of each 
ring, by which it is supported on a small brass shelf; being 
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free to tutu aboat its center horizontally in either direction. 
A perspective view of one of these rings is shown in fig. 1. 
To each of the vertical axles is attached fonr brass shelves, 
fig. 2 supporting small steel levers mounted on pivots. These 
levers occiipy a position directly underneath the rings (fig. 1) ; 
their office being to add to the ring above the number coin- 
ciding with the fixed mark engraved on the ring below. 

71(1.3. 




When the machine is put in operation by means of the 
crank a, the lever I is moved out horizontally from right to 
left, causing every one of the vertical axles to revolve from 
light to lefti thereby adding all the numbers on the row 
marked As to those on Aj» and all those on Ai to Ao- By 
continuing to turn the crank a, the lever I is moved back 
again from left to right, this time adding the number on A4 
to A»> and those on A? to Ai- This process is continued so 
long as the machine is kept in motion. 

If we call the first axle to the right units, then the next 
one will represent tens, and the next hundreds, etc. The 
numbers on any row of differences is, therefore, read from 
left to right, as in ordinary writing. 

When all the riugs are set at zero* by making that division 
coincide with a fixed mark in front, no change will take place 
in their position when the machine is put in operation. 

The process of carrying for 10 will best be understood by 
an example. Suppose all the rings in the first row A be set 
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at zero, except the last one on the right hand, which we place 
at 5. Let all the rings on the second row Ai be set at 9. If 
these numbers were written down they would stand thos : 

000000000000005 = Aa» 

999999999999999 = Ai- 

Now when the lever b is moved from right to left, every 

number in the row Ai will be added to Ao> and the result will 

stand thus : 

999999999999994 = Ao. 

It is readily perceived that the operation is not complete, 
since we ought to have 

Ao = 000000000000004. 

When the 9 is added to 5, making 14, the units ring, in 
passing through zero, throws out a small lever (by means of 
the projection between the numbers 7 and 8 shown in fig. 1). 
As the motion of the machine is continued, the post e carry- 
ing a lever arm passes in front of the rings, and by means of 
the lever thrown out advances the second ring a unit, making 
it zero, it in turn throws out the next lever to the left, when 
the same process is repeated, and in this example all the rings 
on the upper row, except the 1st, is left at zero. 

In case any difference is negative, we get the same result 
by adding the complement, or difference between the number 
and 10. Suppose we wish to subtract 2 from 3, our result 
would be 1. If we take the complement of 2 = 8, and add 
it to 3, we get (10+1), or the same result on the first wheel 
as before. If we wish to subtract 

000000000142346, 
we must set on the machine the complement of this number 

999999999857654, 
adding this complement is the same as subtracting the num- 
ber itself. 

By changing all the rings in the 3d and 5th vertical columns 
on the left, the computation can be made by the sexagesimal 
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system, that is, the results will at once be converted into 
degrees, minutes and seconds. 

Before starting the machine for any computation, it is neces- 
sary to set the proper wheels, after which it needs no further 
attention ; for so long as the last order of differences is con- 
stant, it will continue to produce the required numbers. 
Thus for producing a table of squares, it is only necessary to 
give the machine three numbers, 1, 3 and 2 ; and from these 
data we can compute the squares of all numbers up to 30 
millions. In the same manner, by giving the machine the 
numbers 1, 7, 6, 6, we can produce a table of cubes, the limit 
being 15 figures. The same principles apply in the compu- 
tation of logarithms, or any series of numbers whatever. 



Fia. 3. 
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Dating the process of making the eompatatioDy the ma- 
chine also prints the resalt, together with the proper arga* 
moot, to 8 places of figures. 

A portion of the mechanism for printing, is eiiown at the 
left end of plate IV. The numbers on the upper row of 
rings are transferred to the printing party by means of ^* the 
snail " attached to and reyolving with the upper rings. This 
contrivance shown in fig. 3, has long been used in the striking 
part of the common eight-day dock. 

The results may be stereotyped on strips of lead, or iHrinted 
on ordinary paper or card-board. By changing the position 
of the carrying post on one of the rings, we at once obtain the 
nearest whole number, no matter how many decimal places 
are used in the computation. At the average rate of working 
120 complete results are calculated and printed in one hour. 

In order to compute any series of numbers, it is necessary 
to determine the orders of diflTerences belonging to that series, 
which must b^ set on the proper rings. 

The general formula is : 

» = « + (n - 1) A, + <—^n—^) A. + 

(n-l)(n-2)(»-3) (»^i) (»-2) (tt-3) (»-4) ^ 

2.3 ^'"^ 2^.4 ^* 

(n - 1) (It - 2) (n - 3) (» - 4) (n - 5) 
+ 2:31:5 A, + eto. 

n = the number of the term. 

a = the first term. 

All A», As. etc. = the orders of difibrences. 

Then we have the following form of equations : 

(n= 1) — a. 

(H = ll) = a + 10A,+ 45a,+ 120a,+ 210A« + etc 

(n = 21) = « + 20 Ai + 190 A,+ 1140 At + 4845 A« + etc 

(n = 31) = a + 30 Ai + 436 Ai + 4060 A, + 27405 A4 + etc. 

(n=41) =a + 40 Ai + 780 A, + 9880 A, + 91390 A« + etc 
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For £ieiUtating the compntation, the binomial co-ef9cients 
together with their logarithms, belon^ng to each order of 
differenees, are tabulated up to 80 terms. The solution of the 
equations may also be abbreviated, by choosing such terms, 
that the co-efficients in each equation will be multiples of 10, 
100, 1000, etc. 

If it is desired to set on the machine all the orders at the 
same time, it is necessary to make a further reduction of 
the quantities found from the equations. We prefer, however, 
to set them consecutively, after the computation has begun. 

It is found, from our own work as well as that previously 
done with the machine, that it is occasionally liable to an 
accidental error, from the failure of one or more rings to 
perform its office. These errors are purely mechanical, and 
are not to be confounded with the principles on which the 
machine is constructed. 

One of the first requisites is to hold the ring, on which the 
numbers are engraved, so that there shall be no side play, 
and yet allow it to move with the necessary freedom. The 
second is, to be able to destroy the momentum of the ring, 
as soon as the motive force ceases to act. The latter condi- 
tion has been obtained by putting a '' brake *' piece on each 
ring, consisting of a small piece of leather or rubber pressed 
against its circumference, by means of a spring. The liability 
of accidental error would be greatly lessened by connecting 
ratchet wheels with each ring, so that it could only move in 
one direction. This would enable us to put more weight on 
the adding levers, without any danger of disturbing the 
position of the ring, when the motion of the shaft is reversed. 
A little attention to a few of these points would secure an 
almost perfect machine. 

• For bringing the type in line, previous to making the 
impression, we have employed a brass roller in place of the 
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steel wedge. This roller is pressed between the type by two 
rubber wheels, and is found to work admirably. The typo 
are always straightened, no matter what their position may 
be, and without any possibility of injury to any part of the 
mechanism. 

Our past experience has led us to believe that such a 
machine would be greatly enhanced in value, by the addi- 
tion of one or two more orders of differences ; since in that 
case, a much longer series of numbers could be computed 
from one set of constants. 

It would be an easy matter to apply motive power to the 
machine, so that when once set, it shall be a complete autom- 
aton, making its computations without the assistance of 
any person. As soon as one set of constants are exhausted, 
the machine will stop, and will also be made to give notice 
of the fact by ringing a bell ; upon which, a new set of con- 
stants may be introduced, and the computations continued. 
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A. 

AN ACT to incorporate the Dudley Observatory, of the city 

of Albany. 

2716 People of the State of New -York, represented in Senate 
and Assembly f do etiact as follows : 

Sbotiok 1. Thomas W. Olcott, William H. De Witt, Ezra 
P. Prentice, Alden March, Joel Bathbone, Eobert H. Prnyn, 
John B. Tibbitts, Ormsby M. Mitchel, Samuel H. Eansom, 
James H. Armsby, John N- Wilder, Isaac W. Vosburgh, 
Eliphalet Wickes, Stephen Van Bensselaer, and such others as 
they may associate with themselves, are hereby constituted a 
body corporate and politic forever, by the name and style of 
" The Dudley Observatory, of the Oity of Albany," for the 
purpose of establishing and maintaining an Astronomical 
Observatory in the city of Albany, and by that name they 
and their successors and associates shall be capable of taking, 
by purchase or otherwise, holding, conveying, or otherwise 
disposing of any real or personal estate, for the purposes of 
this incorporation, which estate shall not at any time exceed 
the net annual income of ten thousand dollars. 

^ 2. The persons above named shall be trustees of the said 
corporation, and shall have power to fill any vacancies which 
may occur in their number, and shall have power to make 
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such by-laws as may be necessary, and not contrary to law, 
relative to the management and disposition of the estate and 
concerns of said corporation, and to appoint such officers 
and servants as they may deem necessary. 

^ 3. The said corporation shall be subject to the general 
provisions and liabilities, contained in the third title, of the 
eighteenth chapter, of the first part of the Bevised Statutes. 



BOAED OP TEUSTBBS. 
Thomas W. Oloott, James H. Abmsby, 

Ira Habris, Isaac W. Vosburgh, 

William H. Db Witt, Bobebt H. Pbutk, 

Aldbn Mabgh, Samuel H. Bansom, 

JoHisr F. Bathboke, Amos Dbast, 

Ebastus D. Palmbb* 



OFFIOBBS OP THE BOABD. 
Thomas W. Olcott, President 
William H. Db Wrrr, Vice-President 
Jambs H. Abmsby, Secretary. 
ISAAO W. VosBUBGH, Treasurer. 
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DONOBS OF ALBANY. 

Blandina Dudley, $76,500 

Thomas W. Olcott, 11,000 

John F. Eathbone, 5,500 

William H.De Witt, 3,000 

Stephen Van Bensselaer (Seven Acres of Land). 

Edward 0. Delavan, 1,000 

Ezra P. Prentice, 1,000 

Henry Q. Hawley (Gas Works). 

Archibald A. Dunlop, 600 

John Knower, 500 

Alanson Samner, 500 

Bobert Dnnlop, 500 

Eobert Boyd, 500 

John Tay 1 or, 500 

Marcns T. Beynolds, 500 

Cornelius Wendell, 500 

Samuel H. Bansom, 350 

Isaac W. Vosburgh, 250 

Eobert H. Pruy n, 250 

Joel Eathbone, 250 

J. B. Plumb, 250 

Wm. V. Many, 250 

Bliphalet Wickes, 250 

J. V. L. Pniyn, 250 

John B. James, 250 

John T.Norton, 250 

Alexander Marvin, 250 

T. F. and J. H. Humphrey, 250 

Franklin Townsend, 200 

Eobert Townsend, 200 

Gilbert 0. Davidson, 160 
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James StevensoD, $100 

Lansing Pruy n, 100 

Charles L. Austini 100 

Eichard H. Pease, 100 

Gideon Hawley, 100 

Thomas Townaend, , SO 

O* Osbom 60 

DONORS OF NEW YORK CITY. 

AbialA.Low, 1,000 

William B. Astor, 1 ,000 

Joseph Sampson, 1,000 

Atlantic Insurance Company, 1,000 

James Brow n , 1,000 

George Law, 1,000 

Grinnell, Mintnrn & Co., 600 

John C. Green, 600 

James Boorman, 600 

Goodhue & Co., 600 

George W. Blunt, (Astronomical Clock), 

Thomas Sufllren, 600 

Henry Chauncey, 600 

Charles Butler, 600 

Alexander Van Rensselaer, 500 

Benjamin Brandreth, 600 

Leonarda L. Suarze, 600 

Sun Mutual Insurance Co., 600 

William Dennistoun, 600 

Spoflford & Tileston, . 600 

A- T. Stewart, 600 

William Agnew & Sons, 250 

Mortimer Livingston, 250 

Thomas C. Durant, 250 
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Bidiard H. Winslow, $200 

Phelps, Dodge & Co., 250 

M. Howland, 280 

J. Boorman, Johnston & Co., 250 

Joseph SteeTe, 100 

John J. Palmer, 100 

B. Withers, 100 

H, Q. Marquand, 100 

William A. Booth, 100 

J.E.Oooley, 100 

Caleb Barstow, 100 

George E. Pratt, 100 

Jonathan Sturgis, 100 

B.H. Field, 100 

George Opdyke, 100 

William Oathout, 100 

Benjamin 0. Lee, 100 

John N. Genin, 100 

Eobert P, Colgate, 100 

Howes & Co.,: 100 

H. W.T.Mali, 100 

A. C. Eichards, 100 

W.T.Carey, 100 

George T. Tremble, 100 

Solomon Townsend, 100 

W. C. Langley, 50 

0. H. Sand, for the Ocean Steamer Co., 50 
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Sfarave, Additions fta m/6inoire de Liapouoov et obaervar 
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8t. Petershaurg, 1862. 
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Begiomontanis a Besselio inter + 15^ et + 45° declina- 
tionis observatarnm, ad annum 1825 reductae et in cat- 
aJogum ordinatae, auctore Maximilano Weisse, fotio. 
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dont Henrici Briggii chiliades logarithmoram 20, folio. 
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Chemistry, Second Supplement to. J. Liebig 

and W. Gregory. Lmdon, 1842. 
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vatione Ulagh Beighi. Ex MSS. Persicis lace ac la. tio 
donayit Th. Hyde. Access: Mohammedis Tizini tabalae 
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ex traditione TJlng Beigi primus pablicavit, recensait et 
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Uranographia, sive astroram desoriptio viginti tabalis aeneis, 
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p^riodique de d' Arrest, k son prochain retour en 1863 et 
1864, 4to. Paris. 

Ylaccus, Adrianus., Trigonometria artificialls, sive magnus 
canon triangulomm logarithmicus, cni accedunt Henrici 
Briggii chilliades logarithmorum 20. Goudae, 1633. 

Voiron, Histoire de I'Astronomie, depuis 1781 jusqu'ik 1811, 
4to Paris, 3810 
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4to. WashiTtgton, 1848. 
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Weiase, Maximil., Positiones mediae stellarum fixaram in 
Zonis BegimoDtanis a Besselio inter — 15^ et + 15^ de- 
clinationis observatarnni, ad annum 1825 rednctae, 4to. 

Petrapoli, 1846. 
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nomen Johann Hevelius. Konigsherg^ 1820. 

Whewell, Eev. Wm., History of the Inductive Sciences. 3 
vols. Lonion, 1837. 

Philosophy of the Inductive Sciences. 

2 vols. Laudtm, 1840. 

- Treatise on Dynamics. 

Cambridge, 1836. 

Wiloocks, Aler., Beflections upon the nature of the tempo- 
rary Star of the Year 1572. An application of the Nebu- 
lar Hypothesis, folio. PhUad^Ma, 1860. 

Wilkes, Oapt. Charles, Theory of the Winds, 4to- 

New York, 1856, 

Wilson, John, The lost Solar Slystem of the ancients. 2 vols. 

London, 1856. 

Wilson, Eev. fiidiard. System of Plane and Spherioal Trig^ 

onometry, Cambridge, 1831. 

Wing, YincentUt Ajitronomia Britannica, Mio. 

London, 1669. 

Winlock, Joseph, Tables of Mercury, 4to. Woikington, 1864 

Winnecke, Dr. A., Beobachtuiagen des Mais urn die zeit der 

Opposition, 1862. — (M^moires de PAcad^mie Imp^riale 
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des Sciences de St. Petersboorg YII'' S^rie Tome YI. N^ 
7.)— 4to. St. Petersburg, 1863. 

. De Stella daplid «! Coronae Borealis. 

BerMnh 1856. 
tJber die Sonne. 8L Peterehurgy 1861. 



Tonng, J. E., Elements of Geometry. London, 1827. 

Zach, Pr. von. Geographische Epliemeriden, 1798-1822. 60 
vols. Weimar. 

Monatlicbe Correspondenz zur Beforderung 

der Erd-u. Himmels-Kunde, 1800-1813. 28 vols. Gotha. 

Tabulae motuiim Soils, 4to. Oothae, 1792. 



Zones of Stars observed at the National Observatory at 
Washington. Vol. 1, Part 1, containing the Zones 
observed with the Meridian Olrcle in 1846, 4to. 
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D. 

EEPORT FOR 1862. 
To the Board of Trustees of the Dudley Observatory: 

Tlie followiog is a condeused report of the work done at 
the Dudley Observatory, from tbe 1st of January to the 31st 
of December, 1862 : 

Number of Transits observed with the Olcott Meridian 

Circle, 863 

Number of Zenith Distances, 1,445 

Comet observations with Equatorial, 39 

Zone Stars with the DeclinometOT, 1,087 

Total of all kinds, 3,434 

The Transits (with the exception of a few observations on 
circumpolar stars) were all observed by the magnetic method, 
the time being recorded on the Chronograph. In all of these 
observations, fifteen wires have been used. 

In the reduction of all our observations we retain tbe 
hundredth of a second ; and in certain delicate experiments, 
such as finding the difference between the rates of two or 
more clocks, we can readily measure an interval of time not 
exceeding the two-thousandth of a second. 

From experiments made by recording observations on two 
chronographs at the same time, we find the error due to the 
irregularity of their motion, would never amount to more 
than the five-thousandth of a second of time, an almost 
inappreciable quantity, and one which may be safely neg- 
lected. Many interesting experiments have been made with 
this machinery, to determine tbe source of error in transit 
observations. 

We have recorded, at the same time, the beats of three 
sidereal clocks ; and by this means arrived at a knowledge of 
a clock's motion, which cannot be obtained in any other way. 
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The two Oomets of this year were both independently dis- 
covered here by Mr. Thomas Simons ; the first on the 3d, 
and the second on the 18th of July. In the discovery of 
the first we were anticipated one day by the European 
Astronomers. The second was found on the same night at 
Cambridge, and tliree days before by Mr. Swift, an amatenr 
astronomer of Marathon, N. Y. 

The opposition of Mars during the present year has beea 
decided as favorable for the determination of solar parallax. 
AVe have accordingly observed it with the Declinometer, on 
all possible occasions, from the 18th of August to the 1st of 
November. 

The following Planets and Comets have been observed on 
the meridian : 

(11) Parthenope. Prom July 25th to Aug. 19th. No. Obs. 9 

(39) Laetitia. ** June 28th to July 3d. " 4 

(48) Doris. " July 25th to July 30th. " 2 

(55) Pandora. •• July 25th to July 30th. " 2 

Comet I. 1862. " July 3d. " 1 

Comet II. 1862. " July 18th to Aug. 20th. " 18 

Neptune. " Aug. 21st to Dec. 31st. " 38 

The Zone observations, with the Declinometer, have been 
made, mostly for the investigation of the source and amount 
of error due to this method. From a comparison of the 
observations, with those made in the ordinary way, we find 
the probable error on a single observation, falls within the 
limits of accuracy usually assigned to observations made with 
the Meridian Circle. One great advantage lies in the fact 
that many bisections and readings can be made at the same 
transit, and in this way eliminating the ordinary errors of 
observation. You will understand the rapidity with which 
work can be done by this method, when I state that more 
than two hundred stars have been accurately observed in one 
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hour ; and were tbey equally distributed, twice that number 
could easily have been taken. 

This instrument is one of the great inventions of our late 
and lamented director, Prof. Mitchel. From observations 
made during the last two years, and a careful discussion of 
the results, I have arrived at the conviction that there is no 
other known method equal to it for rapidity and accuracy, 
in the cataloguing of Stars. 

Special observations have been made during the year with 
the Oleott Meridian Oircle, for the purpose of determining 
the al)SoInte places of standard Nautical Almanac stars. The 
results so obtained have demonstrated the peculiar fitness of 
this instniment for delicate observation. 

Time has been given to the city, by dropping a ball at the 
comar of State street and Broadway ; the time signal being 
transmitted by passing the electric current through our mean 
time clock. In the Meteorological observations, we have 
read the barometer and thermometer twice every twenty-four 
hours. 

All of the above observations, with few exoeptionsi have 
been made by myself^ assisted in the reading of the declin- 
ometer and microscopes by Mr. Thomas Simons, who is 

present in the evening. 

G. W. HOUGH. 
AiiBAmr, January^ 15f%, 1863. 



BEPOBT FOB 1863. 

To 1^ Board of Trustees of the Dudley Observatory: 

The following report will exhibit the nature and amount 
of the work done during the year 1863; as also the condi- 
tion of the instruments, buildings, grounds, etc., at the begin- 
ning of the current year. It includes, moreover, such details 
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of the theory, constraction and operatioii of the instrainents 
in use, as well as of original investigations, and of methods 
peculiar to this observatory, as it is thought wonfd be of 
interest to the donors and friends of the Institnti<m, and not, 
I>erhaps, without value to the scientific world. 

The buildings have been kept in good condition, by making 
a few necessary repairs as the occasion demanded. The 
apparatus connected with the shutters of the dome has been 
slightly altered, so as to afford greater facility in opening and 
closing tiiem, and also greater security to the instrument 
during severe storms of wind and rain. A portion of the 
machinery for opening the West Transit room has been dis- 
connected, making it much easier to handle, and less liable 
to get out of order. The grounds have been improved by 
the laying out of additional walks, and the planting of 
shrubs and trees. 

The library, consisting of about 1,400 volumes and pam- 
phlets, chiefly of a mathematical and sdentiflo nature, has 
been enlarged during the year, by purchase and donations, 
to the extent of about 50 volumes and pamphlets. 

The following Instruments have been in active use during 
the past year : 

1st. The Olcott Meridian Circle, made by Pistob & 
Mabtins, Berlin. 

2d. The Transit Instrument, by the same makers. 

3d. The Equatorial Befraotor, made by Mr. Fit2, of TSew 
York. 

4th. The Comet Seek^, made by Mr. Clark, of Boston. 

5th. The Declinometer, invented by Prof. Mitchel, and 
made by Messrs. Fostbb & Twitohbll, of Cincinnati. 

6th. The Charting Machine, made by Mr. Fasoldt, of 
Albany. 

7th. The Sidereal Clock, No. 1, movement by Dent, pen- 
dulum applied by Bokd & Son, of Boston. 
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8th. Sideieal Clock, Ifo. 2, by Howabd & Company, of 
Boston. 

9th. Chronograph, invented by Professor Mitcheii, made 
by Foster & Twitchbll, Cincinnati. 

10th. Barometer, by Fastbb, of Paris. 

We have also a magpaetic Mean Time Clock, by Mr. 
Fabmbb, of Boston; Chronometer, by Johksok, of London ; 
Clocks for the Observing Booms, and other minor apparatus 
needed or usefnl in an observatory'. 

The New Transit Instrument, made by Messrs. Pistor & 
Martins of Berlin, was mounted in the month of January. 

This Instniment is one of the first class, and in its principal 
features is similar to the Olcott Meridian Circle. The focal 
length is 8 feet, and the object glass of 6f inches clear aper- 
ture. It is provided with two circles, which are two feet in 
diameter, and are constructe<l on the plan best adapted to 
secure permanence of fignie. The radii, or spokes, are in the 
form of a triangular prism, which gives the greatest strengtii 
with the least expenditure of metal. 

As it was originally intended to attach tho Declinometer 
apparatus to this instrument, one of the circles is undivided, 
and the other only divided to single degrees. If it should 
ever be deemed advisable to complete the divisions, we would 
have in it an admirable Meridian Circle. 

The method of illumination is similar to that of the Olcott 
Meridian Circle, with the exception that in the place of one 
screw-head at the eye end, we have two. By means of these, 
the degree of illumination can be graduated with the nicest 
precision. 

The instrumental errors are determined in nearly the same 
manner as for the Meridian Circle. The level and colllniation 
errors are found by reversed positions of the instrument when 
directed to the nadir. The level and azimuth of both instru- 
ments are determined every morning, the former by the spirit- 
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level, the latter by directing the telescope to the meridian 
mark, and measuring with the micrometer the deviation of 
the middle wire; which, being freed from the coUimation 
error, gives us the azimuth. These azimuthal determinations 
are not used directly in reducing observations. They serve, 
however, to show the variation of the azimuth from day to 
day, and are a valuable check on the elements of reduction. 
For, if we have found the difference of azimuth between the 
two instruments constant, or nearly so, for a number of con- 
secutive days, we ought to get the same result from the 
observation of a circumpolar star. 

We have examined, to some extent, the form and size of 
the pivots. Prom numerous observations, made with two 
spirit levels hung on the axis in reversed positions of the 
instrument, the difference in the size of the pivots is found to 
be inappreciable. We have been unable, in the use of the 
spirit level, to detect any ellipticity in the shape of the pivots; 
but when our transit observations, made with both meridian 
instruments at the same instant, are fully reduced and dis- 
cussed, we expect to be able to determine the form of the 
pivots for both instruments. 

An account of the method employed in mounting the Tran- 
sit is appended, as a matter, perhaps, of professional, if not 
of general interest. 

It was assumed as the basis of our plan, that the Tele- 
scope should, as far as practicable, determine its own posi- 
tion. A great deal of unnecessary labor was thus avoided, 
and great precision was insured in the position of the Ys. 
The telescope, having been lifted out of its box, was placed 
on the reversing apparatus. The object glass was then 
screwed in its cell, and the Telescope moved between the 
two piers, when it was directed to a meridian mark six 
miles distant. The value of the micrometer screw was now 

83 
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approximately determined, by measuring the angnlar dis- 
tance between two distant objects; which had previoosly 
been done with the micrometer of the Olcott Meridian Circle. 
Eaiowing the azimuthal angle between the Meridian Circle 
and the Transit, the new Telescope was at once set in the 
true meridian, and vertical lines were drawn on the stone 
piers at the opposite ends of the axis. With an ordinary 
straight-edge level, I found approximately the plane of level 
between the two piers. 

The place for one Y was then marked out on the stone, 
and the telescope being removed, the workmen began cutting 
a cylindrical hole to receive the Y piece. When one pier had 
been perforated, the Y piece and the tube were inserted ; the 
counterpoises were placed temporarily on the piers, and 
the telescope was again brought into position ; the other Y 
being attached to a board temporarily fastened to the pier. 
The reversing apparatus being removed, the level was hung 
on the axis, and the telescope was brought exactly level in 
its own Ys. It was also directed to the meridian mark, and 
brought in the true meridian ; after whieh it was removed, 
and a fine dot made on the pier, showing the centre of the T 
piece. A circle being described about this as a centre, we 
had the absolute direction of the axis. It only remained 
now to cut a hole as nearly perfect as possible. This was 
successfully accomplished by Mr. Bowlaiso), of the firm ot 

BbOOKSBT & BOWLAKB. 

When the Y pieces were slid into these holes without 
cement (for they were made to flit exactly), the level error 
was found to be zero and the azimutSi 8 seconds. This coi^ 
responded to an error in the position of tibie hole of less than 
the two hundredths of an inch. Had the workmen cut the 
cavity for the second Y as originally marked on the stone, 
the telescope would have been absolutely in position. 
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The nse of a meridian mark or of another instrument is 
not, however, essential to this method ; for in the absence of 
these, we would determine directly from observation, the 
IK»ition of the instrument after one Y had been fitted in its 
cavity. 

Observations made with the Olcott Meridian Oi/rcle. 

Ifumber of transits, 15 wires each, 953 

Number of zenith distancest 639 

The transits comprise Nautical Almanac stars, Standard 
Zone stars, Planets and Comets. 

The following is a list of the Asteroids and Planets ob- 
served during the year : 

(1) Ceres. Prom Aug. 26th to Oct. 13. No. obs. 16 

(2) Pallas. " Aug. 24th to Sept. 2d. " 3 
(5) Astrea. " March 19th to April 14th. " 6 

(8) Flora. " Sept. 9th. " 1 

(9) Metis. " June 13th to June 17th. " 3 

(19) Bunomia. " April 27th to May 1st. " 2 

(20) Massalia. " Aug. 27th to Sept. 16th. " 8 

(21) Lutetia. " Aug. 27tb to Sept. 9tb. " 6 
(61) Nemausa. " Sept. 15th to Sept. 30th. " 8 

(64) Angelina. " Oct. 17th to Oct. 29th. " 3 

(65) Cybele " Sept. 7th to Sept. 30th. " 8 
<79) Eurynome. " Sept. 23d to Nov. 19th. " 14 

Neptune. « Sept. 7th to Jan. 2d, 1864. " 29 

For our list of Clock stars, we have used the English 
Nautical Almanac, with the corrections given by the Green- 
wich Observations. After August 27, we used the corrections 
given by Mr. Saffoed's Memoir on Clock stars. 

The number of transits observed with the Transit instru- 
ment, 15 wires each, is 796. These are mostly on the standard 
Nautical Almanac stars. 
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The observations with both Meridian instruments are made 
by the chronographic method, using two sidereal clocks, one 
of which makes a record every two seconds. The other is 
recorded at the end of every half hour during the continuance 
of the observations. By this plan, any change of rate in the 
former during the time of observation is detected by com- 
parison with the latter. 

In Zenith Distance work, direct observation is preferred to 
the method by reflection from a surface of mercury, the latter 
being seldom employed. The nadir point is found by observ- 
ing the reflection of the wires seen in a basin of mercury, 
placed underneath the centre of the telescope. This can be 
done with the collimating eye-piece, or with the ordinary 
observing eye-pieces, by placing over them a cap, having a 
piece of plane glass set at an angle of 45^ to the collimating 
axis of the telescope. 

During the passage of a train of cars around the foot of the 
hill, the surface of the mercury is agitated to such an extent 
as to render observations for nadir impossible. This is annoy- 
ing, in so far as it occasions a brief delay of the observation, 
which can, however, generally be avoided by selecting a time 
free from such disturbance. So far as we have determined, 
no evil effects result from this tremor. The nadir point 
itself, as well as the level and azimuth errors are as constant 
as for any instrument of which we have the published records. 
We propose, however, to support the basin of mercury with 
India rubber springs, in a manner similar to that recently 
adopted by Prof. Aiby and Oapt. Gilliss, which we believe 
will enable us to observe the nadir point at any time without 
trouble. 

The Equatorial has been used for the observation of planets, 
and occultations of stars by the Moon. 

It has, however, been principally employed, usually under 
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the direction of the Janitor, in exhibiting objects of general 
interest to visitors. 

The plan here adopted of admitting visitors under certain 
restrictions, is found to occasion but little practical incon- 
venience. It tends, at least, to the dissemination of much 
useful infonnation, and will doubtless promote a more general 
study of the science, and a better understanding of its funda- 
mental principles. The interest manifested by the public in 
astronomical matters, seems, indeed, to be on the increase 
from year to year. The Observatory has been visited during 
the year by more than one thousand persons, citizens and 
strangers. 

The Oomet-seeker has been used occasionally by Mr. 
Simons in searching for comets. Owing to our limited force, 
but little time has been given to this kind of work. 

Our zone work has been confined to the cataloguing and 
charting of a zone of stars lying between the Equator and Iff 
of south declination. Forty zones have been observed, com- 
prising 6,000 observations, being an average of 150 stars per 
hour. As many of these zones were observed when the Moon 
was near the meridian, the number of stars seen is not as 
great as it would otherwise have been. Our scale of magni- 
tudes will not diflfer much from that adopted by Prof. Bond, 
in the Harvard zones of 1852-1853. 

In the greater portion of our zone work during the year 
1863, we have used only one wire for right ascension. A 
comparison of duplicate zones observed during the year 
showed that the probable error in right ascension, using one 
wire, waSi when reduced to arc, about the same aa that found 
from the declinations. Wishing to determine this ordinate 
more accurately, we have latterly used two wires ; setting for 
this purpose the vertical movable wire of the Olcott Meridian 
Circle micrometer at an interval of two seconds from the fixed 
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wire, and thus obtainiug much better results in right ascen- 
sion, with but little additional work. For the declinations^ 
when the stars are not very numerous, we make two or more 
bisections and readings during the transit of the zone. 
Standard stars are usually chosen preceding and foUowin^f 
the zone, and are observed on 15 wires in right ascension, 
and with from 10 to 15 bisections and readings in declination. 
As we have undertaken to include all stars fairly within 
the capacity of our instrument, the limit of error on those 
of the highest magnitudes, as might be expected from their 
extreme faintness, number, aud inequality of distribution, is 
materially increased, although by no means to a degree im- 
pairing the value of the work, as may be seen from the 
following results : 

Probable error of 1 obs. 9th mag. to 12th mag., ± 0*.06 ± (TM 
13th " 14th " ±0.13 ±:r.60 

The results from the use of two right ascension wires are 
more satisfactory, as is shown by the following : 

▲. B. 

Probable error of 1 obs. 9th to 12th mag., inclusive, diO'.Oi 
" 13th to 14th " dLO-.ll 

The comparison of the charts with the declinometer results, 
gives, for the probable error in the position of any star on the 
chart, a little less than the one-tenth of a minute of arc 
The magnitudes are recorded by the use of different colored 
sheets of impression paper. These charts, after the zone is 
observed, are marked and filed, for future use or referenoe; 
any remarks which may have been made, being noted on 
the border. They are found to be of great assistance in 
detecting accidental errors of minutes, without the necessity 
of re-observing the zone; for the comparison of the chart 
with the scale readings will at once show whether a wrong 
minute has been entered on the records. 
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When duplicate zones have been observed, the two charts 
are carefully compared, and any discrepancies noted. 

The Sources of Error in Transit Observations. 

This subject is one which presents many difficulties, and 
requires a long series of observations to determine with any 
degree of satisfaction, all the sources of error. The probable 
sources of error will be enumerated; after which will be 
given the results obtained, so far as we have been able to 
investigate the subject. 

iBt. Personal Equation. By this error is meant the Yariability of 
this element daring the time of observation, as well as the vari- 
able personal equation for different declinations. 

2d. The Clock error, due to irregular rate during the day of observar 
tion. 

3d. The Personal error, for inaccurate observation. 

4th. The error due to the chronographic method, including armature 
time, irregularity in the clock records, and irregular motion of 
the Chronograph. 

5tL The errors due to the instrument, including the errors of level, 
azimuth and coUimation. These may be divided into two clas- 
ses: Ist, Inaccurate determination of these quantities; 2d, The 
variations of these quantities during the time of observation. 

6th. Errors due to the atmosphere, chiefly caused by unequal tem- 
perature of the observing room and the outside air. 

7th. Form and size of the pivots, including inequality of pivots as 
well as want of cylindricity. 

During the year, some attention has been given to the 
subject of personal equation, and a number of experiments 
have been made to determine the limit of error from this 
source. 

For this purpose, a series of 25 vertical pins, placed at 
intervals of about 2 seconds of time, was fastened in the rim 
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of the revolving disk of the Chronograph. By the revohition 
of the disk, these pins were made to pass in front of a zero 
point. One of the collimator telescopes was placed at a dis- 
tance of 20 feet from the disk. The power of the telescope 
was such, that the pins seemed to move with the apparent 
velocity of an equatorial star observed with a power of 800. 
The person observing held a magnetic make-circuit key in his 
hand ; and as the pins passed this point, he made a record on 
the chronograph. After this was done, the pins were made 
to record their own time of transit, by causing the circuit 
through the magnet to be closed when they were exactly in 
front of the zero. By making a few records before and after 
the observations, the points of absolute time when the pins 
made the transit were found. By drawing radii through these 
points, a standard was obtained from which to determine the 
absolute personal equation of each observer. 

To determine the armature time of the helix, after the pin 
had recorded its own transit, the disk being in motion, the 
same apparatus was made to give a record, by moving the 
disk gently, and stopping it at the transit of the pin. 

The diflTerence of personal equation between two observers 
is found to be less, when the pins are observed, than when 
stars are observed with a power of 100. It is also foun^' by 
this method, that It varies in a measure, with the magnifying 
power used. 

Prom this we conclude that personal equation depends, to 
a great extent, on the apparent motion of the star as seen 
through the Transit telescope ; and with the same power, the 
personal equation of an observer will not be the same for an 
Equatorial star, as for one near the Pole ; and will, of course, 
be a variable quantity between the limits of the Pole and the 
Equator. 

It is not assumed, however, that this point can be as yet 
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regarded as established beyond question; altbongh, should 
the principle be proved correct, it may perhaps account for 
some of the anomalies in transit observations. 

We have found from these experiments, that the absolute 
personal equation was not liable to any very large variation ; 
yet in order to eliminate as much as possible this source of 
error, we have adopted it as a rule, not to use the observa- 
tion of one person to determine the clock error, for the 
observation of another. 

The clock error may be eliminated by using two or more 
clocks, in the manner before stated. 

The personal error is constant, or nearly so, and for an 
equatorial star, amounts to 0*.025 for a single wire. 

The errors due to the chronographic method may be 
regarded as of a very low order, and will not affect the 
observation to any sensible amount. 

It has been intimated by a recent writer on the subject, 
that the armature time for the make-circuit is liable to great 
variations ; but this does not accord with our experience. It 
is found from experiment with our recording pens, that the 
difference between the armature time of the same pen, 
whether the circuit is a "make" or a "break," is only O.Ol 
in favor of the break-circuit. 

The mean value of the armature time for one pen is 
+ ©".OS ; and this value is not liable to an appreciable vari- 
ation during a night's work, so that the error from this cause 
may be regarded as insensible. 

The errors due to the instrument: The coUimation error 
may be accurately determined, and, for a first-class instru- 
ment, is constant for long periods of time. It will not, 
therefore, introduce any appreciable errors in the observa- 
tions. 

34 
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The level error cannot be accQrately determined by tiie 
spirit level; and even if found hy different methods, it is 
not permanent for any considerable period, neither does it 
change proportionally to the time. We believe the changes 
are sudden, or accidental. For onr meridian instruments, 
the change from day to day is small, the variation for two or 
three consecutive months sometimes not amounting to more 
than V of arc Although the same level is found (within 
the limits of error of determination) for three or four con* 
secutive days, yet on the next day it may have changed I'', 
which cannot be due to inaccurate determination ; and, again, 
on the subsequent day and a number following it, it will 
return to its original value. 

The error of azimuth is liable to error in its determination, 
and is not constant, the change being analogous to that of 
level. Through the kindness of Mr. Bdmukd BmiKn^ of 
Brooklyn, we have a permanent meridian mark, distant a lit- 
tle more than six miles. This affords an admirable check in 
azimuth determinations. 

The errors due to the atmosphere are considerable, and 
cannot be wholly avoided. Much, however, will be gained by 
reducing the temperature of the observing room to the same 
degree as that of the outside air. The nearer this condition 
is fulfilled, the better will be the observations. In the sum- 
mer season, in a room properly constructed, this condition can 
generally be secured. 

In the determination of personal equation, it was stated 
that a number of artificial stars were made to record their own 
transits, and were also recorded by the observer. In this case 
there was no atmospheric disturbance to affect the stars, and 
whatever error there might be was due to inaccurate observa- 
tion. The mean error for a single wire was found to be 
(y.025 ; for 5 wires, O-.OW; for 20 wires, 0«.005. 
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Prom a compamon of the mean of 5 wires with the mean 
of 15 wires, on 600 observations made in 1862, taking tiiem 
in order from the transit records, it was found, for an eqaa- 
torial star, that this difference amounted to O'.OSS. For the 
same stars, the difibrence between the middle thread and the 
mean of the fifteen reduced to the middle, amounted to O'.OT. 
By comparing these results with those obtained from observa- 
tions of artificial stars, we conclude that the great source of 
error in recording transits is due to atmospheric disturbances ; 
the error for artificial stars being only about one-third as 
great as for observations made in the ordinary way. 

The accuracy with which a transit is recorded will in a great 
measure depend on the number of wires used. Our observa- 
tions on artificial stars show, that the personal error is very 
small, and under favorable atmospheric conditions, five wires 
would be amply sufficient for any class of observations. But 
as there are but few excellent observing nights in a year, in 
order to secure the same degree of accuracy on ordinary occa- 
sions it is necessary to increase the number of wires* 

We may here remark that there is a difference of opinion 
among astronomers in regard to the number of wires to be 
used ; the number employed varying from five to twenty-five. 

A recent writer on this subject has shown by computation 
that the final right ascension deduced from the transit over 5 
wires is nearly equal to one over 25 wires, or any greater 
number. In case the conditions of observation were always 
the same, this result might be regarded as settling the ques- 
tion. But obviously so many varying circumstances must be 
taken into account, that it becomes a difficult matter to decide 
in how far the application of theory may be correct. 

In deciding on the number of wires to be used, we ought 
to be guided, first, by the quality of the instrument used ; 
second, the kind of work which is to be done. In case an 
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inferior instrument is used, in wbich tbe uncertain instrumen- 
tal errors may at any time amount to CIO, it would be a useless 
waste of time and labor to observe on more than two or three 
wires. But with a first class instrument, where the uncertain 
instrumental errors will always be small, and for special kinds 
of work may be regarded as wholly eliminated, it is desirable 
to reduce the observation errors to the smallest possible limit 

For instance, in a series of observations on an asteroid or 
planet, where the object is at once compared with stars pre- 
ceding and following, lying on nearly the same parallel of 
declination, the uncertain instrumental errors may be regarded 
as insensible on the result. In this case, much better places 
can be deduced by using a large number of wires. In aster- 
oid observations with a meridian instrument, the object is 
usually faint and diflBcult to observe ; and in order to secure 
the same degree of accuracy as for an ordinarily bright star, 
it is necessary to increase the number of wires. 

The errors due to form of pivots will depend on the quality 
of the instrument used. In a first-class instrument, the errors 
arising from this cause will be small, and not easy of detection 
by direct observation, unless all other sources of error have 
been well determined. 

By using two meridian instruments at the same time, this 
error may perhaps be determined with some degree of accu- 
racy. It is by this means also that the total eflFect of all 
errors, which are not eliminated by the method of observation, 
may be found. 

Suppose, for example, we have two meridian instruments 
of equal value, and make a series of simultaneous observa- 
tions on the same stars separated by 5^ or 10° of zenith 
distance. By the comparison of these observations, the errors 
due to the chronograph and clock are eliminated, as also those 
due to the atmosphere. 
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The error of coUimatiou we regard as eliminated. There 
remains then for discussion the error of level and azimuth, 
form of the pivots and personal equation ; or if we regard 
the last as constant, only the level and azimuth, and ine- 
quality of pivots. From a comparison of stars near the 
horizon, it may be determined how much of this error is due 
to azimuth ; and by stars near the zenith, how much is due to 
level ; assuming, in the first place, the error of pivots : zero. 
By correcting for these errors, and comparing the whole 
series, we n^ay arrive at some conclusion with regard to the 
form of the pivots ; and by using the instruments in a reversed 
position, on a subsequent night we may decide how nearly 
our results are correct. 

Tlie Compensation of a Pendulum hy the use of the Chronograph. 

Nothing is perhaps more desirable to the practical astrono- 
mer than a clock, which can be relied upon to keep its rate 
within certain limits; for with an imperfect and irreliable 
clock, the best transit instrument is rendered almost useless 
for fine observation. 

It is a difiicult matter to find a clock that is correctly 
compensated for the ordinary range of summer and winter 
temperature in this climate. The method generally used by 
makers, for the compensation of a pendulum, can only insure 
approximate results ; and it is not unusual to find a daily 
variation of two seconds between the summer and winter rate. 
The question then arose whether any expeditious plan could 
be used, which would with certainty indicate whether the 
pendulum of a clock was correct for the ordinary range of 
temperature. This has been successfully accomplished by the 
use of the chronograph. 

The following is the general plan adopted; The pendu- 
lum to be compensated, together with the movement, was 



[68] APPENDIX. 

pot in a closet temporarily bnilt for this purpose* Whea 
set in motion, its rate, compared with that of another 
clock, was determined by recording the oscillations of both 
on the chronograph for an honr or more* The temperature 
was then noted, and heat applied so as to raise the temper- 
atare in the closet about 50^. During the process of heating, 
the oscillations of both i>endulnms were recorded on the 
chronograph. The heat being raised to the proper degree, 
was kept at this point for two or three hours. Thermometers 
placed near the top, bottom and middle of the pendulum, 
were read every five minutes* With a mercury i>endulum, it 
was found that during the process of heating, the experi- 
mental clock lost on its rate, no matter what the want of 
compensation might have been, owing to the fact that the rod 
was affected sooner than the mass of mercury comprising the 
"bob." 

On ccnnparing the rates, given in the two temperature^, 
the want of compensation was at once detected. To guard 
against error from any accidental disturbances, the opera- 
tion was repeated ; and if the results agreed, the experiment 
was considered satisfactory. 

After adding or subtracting any convenient amount of 
mercury, e, g.^ S ounces, as the results might indicate, the 
same process was repeated ; and having determined the 
effect of this amount of mercury in the compensation, it 
was easy to calculate approximately the amount of mercury 
to be applied to the pendulum in its original state. By 
continuing this process, the compensation of the i>endulum 
was determined for the range employed. After this has 
been decided as satisfactory, we may test the compensation 
for any intermediate temperature, and determine the tem- 
perature constant. 

The time required for making an experiment is about S 
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horns for the first; and a small increase in the time as the 
compensation is more nearly perfected. Three or fonr 
repetitions will give an excellent pendolnm. 

For some of onr experiments, we have nsed <he natural 
temperature of the air* Placing the dock in a small room, 
heated by the furnace, the temperature of the room is raised 
for the middle of the pendulum to 60^. Finding now the 
relative rate of the docks, the furnace is shut off and 
the room opened, redueiiig the temperature to 10^; when the 
experiment is coadsoted as before. This method is suscep- 
tible of much more accurate results; since a more uniform 
temperature is maintained, and the pendulum is not liable 
to disturbance from currents of air, as may be the case in 
applying artificial heat. By the use of the chronograph 
in this methodr we are able to appreciate much smaller 
intervals of time, and can, by repeating our experiments a 
sufficient number of times, produce an almost perfect pen- 
dulum. Besides, the ordinary range of summer and winter 
temperature is sufficient for securing the compensation ; for, 
with this apparatus, hundredths of seconds are certain quan- 
tities. During the process of the experiments, we record the 
difference of rates from second to second and minute to 
minute. If they extend over any length of time, two or 
more standard clocks may be used for comparison. This 
has been done in our experiments, the second clock being 
recorded every 30 minutes* 

During a portion of the night of August 10th, a series of 
observations was made, in concert with observers at other 
stations, to determine the i>osition, direction, and time of 
fiight of all meteors in the portion of the heavens under 
examination. Before commencing onr observations, a wire 
and observing key were carried outside, so that the time of 
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appearance and duration of flight could be recorded on the 
chronograph. We believe this is the first attempt in the 
United States, at least, to observe by this method the dura- 
tion of flight of a meteor. 

From the records of 9 meteors observed by Mr. Thomab 
Simons, the mean duration of flight was found to be 0'.29. 
Prom my own observations on 7 meteors, it was 0».55 ; the 
maximum and minimum duration of flight being respectively 
O'.ee and 0'.23. Mr. Simons recorded some that were very 
small, whereas my own observations were confined exclu- 
sively to the brighter ones ; which will explain the diflference 
between the two results. 

If the time of appearance should be accurately recorded at 
two stations, and the apparent path noted, it would be of 
great assistance in determining the distance and velocity 
of these bodies, and aid much in developing the true theory 
of their origin. 

Were observations of this kind made at two or more sta- 
tions at which the same meteor would be visible, one night's 
work would give an accurate determination of the difference 
of longitude between the stations. 

During the year a Time Ball has been dropped every day 
at noon, at the corner of State street and Broadway ; the time 
signals being transmitted by passing the electric current 
through our mean time clock, especially arranged for this 
purpose. The N. Y. Central R. E. has also been supplied 
with the correct time, through Mr. Benj. Mabsh, who has 
charge of the time ball. 

Our effective working force has always been small, and 
inadequate to the instruments. During the year, Mr. Thomas 
Simons has assisted in the evening ; his work being mostly 
confined to reading the declinometer for zone observations. 
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He has also occasionally made observations with the meridian 
instrnments, when not engaged in searching for comets. 

The two young assistants, Messrs. McClueb and Fobemak, 
have assisted in the meridian observations, and have been 
employed in measuring up the chronographie records, and in 
the reduction of observations. 

The duties of the Janitor consist In keeping the Meteor- 
ological Secords, waiting on viators, ai^d keeping the build- 
higs and grounds in order. 

G. W. HOUGH. 

Ajlbaky, FAruury Utj 1864. 



EEPORT FOB 1864. 
To ihe Board of Trustees of the Dndky Observatory : 

The fallowing brief report will exhibit the nature and 
amount of work done during the year 1864 : 

Number of Transits observed with the Olcott Meridian 
Circle, 785 

Number of Transits observed with the Transit Instru- 
ment, 325 

Number of Zenith Distances, 750 

Number of Zone Observations made with the Declinom- 
eter and Charting Machine, 2,000 

Total,.. - 8,860 

In the transit observations made with both meridian 
instruments, fifteen wires have been used, and the times 
recorded by the chronographie method. 

The past year has been unusually unfavorable for observa- 
tions. During the spring and winter months we have had a 
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gieat deal of cloudy weather, and during a portion of the 
summer the atmosphere was so charged with smoke and fog, 
as to prevent observatious on any other objects except the 
brighter class of stars. This peculiar state of the weather 
was not confined to one locality, but seems to have been gen- 
eral throughout the United States. 

At the banning of the year, by request of Oapt. Giluss, 
Superintendent of the United States Naval Observatory, we 
selected six of the minor planets for observati<Hi at this 
Observatory. It has frequently been proposed by astronom- 
ers to make a division of labor for the observations of these 
small bodies ; and Oapt. Gilliss, in behalf of the United 
States, has undertaken the observation of a portion of them. 
Of the six which we agreed to observe, one could not be 
found, although the region in which it was supposed to 
be was charted over a number of times. It was situated in a 
portion of the heavens very uufSeivorable for detection, since 
we found so many small stars, even in a zone of ten minntes 
in width, that it was almost impossible to chart tiiem alL 
The probabilities are that the Ephemeris was largely in 
error. 

The following were observed with the Olcott Meridian 
Circle: 

Astrea. — Seven observations, from June 29th to July 
30th. 

Victoria. — Fifteen observations, from June 29th to Sep- 
tember 10th. 

Eunomia. — Twelve observations, from June 29th to Sep- 
tember lOtb. 

Psyche. — Ten observations, from July 12th to September 
1st 

Ariadne. — Six observations, from September 19th to Octo- 
ber 4th. 
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The Epfaemeris fer Ariadne was in error over ^ in Declina- 
tion, and it was fonnd on the meridian, by charting two short 
zones on the evenings of September 19th and 20th. 

In my previous reports I have spoken in detail of our 
method of charting stars. The more we have nsed it, the 
more we are convinced of its great valne for certain kinds of 
work. Indeed, so far as we know, no other method has been 
devised that will give us a chart of stars with the same degree 
of rapidity and accuracy. 

The Scheutz Oalculating Engine has been used for com- 
puting approximate Ephemerides of the small planets, and 
for this kind of work has been fonnd of considerable valne. 

We have added a new and simple apparatus to our mean 
time clock for the purpose of giving time signals. It has 
been found to answer the purpose better than any method we 
have before tried. The time signals are given every minute 
throughout the day to Mr. Mabsh, comer of State street and 
Broadway, who has charge of the time ball, which is dropped 
every day at noon. The New York Oentral Railroad has also, 
through him, been supplied with the correct Observatory time. 

During the year we have made a slight, though, we believci. 
an important change in the Declinometer apparatus. We- 
have before stated that the chief source of di£9culty with 
this mechanism lay in the change of the length of the con- 
necting rod, from the efltect of temperature. We have, 
therefore, abandoned its use entirely. By this change we 
get rid of one joint altogether, and another is improved by 
the change. In the place of the glass connecting rod, we 
have attached a solid arm of wood, so that it becomes part 
of the long arm itself. To the end of this is fastened a steel 
knife edge, resting in a cylindrical groove, placed at the 
extremity of the short arm of the reading telescope, which 
is now free and disconnected, being so counterpoised that it 
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presses against the knife-edge with a force of about two 
oances. It is found that with this acraDgemont, we get leea 
change of position firom temperature, and much greater sta- 
bility in the apparatus. In £act, so stable is the meehaoism 
in this form, that on removing the reading telescope and 
again replaoing it, the scale of reading is not changed aa 
appreciable amount, a result which before it was almost 
impossible to attain* 

But few observations have been made in the catalogmng 
of zone stars, owing chiefly to the unfavorable oondition of 
the weather. We have recently adopted the plan of observ- 
ing zone stars on five wires in right ascension. A method 
for regulating the amount of illumination for zone work and 
Asteroid observations has been perfected during the year, so 
that it is in the powar of the observer to instantly shut off 
all the light or aoy portion of it* Thai; we may be under- 
stood, it would be well to state that the Okott Meridian 
Oircle is arranged with a screw at the eye end for regulating 
the amount of the illumination* In the use of this in sooe 
work, too much time is lost, besides both hands of tiiie 
observer are eonstantly employed in the manipulatioa of 
the other mechanism, so that it is inipossible to change the 
illumination ra^adly enough* Bujt with the additional i^ppa- 
ratus, the observer instantly secures the propw amoant of 
illumination, without interfering with his other duties. 

The planet K^tune has been observed on all possiMe 
occa»<His, On the 30th c^ Kovember, a drawing was made 
of the planet Mars, which at that time presented a peculiar 
appearance. The definition was sharp and well defined, and 
the surface of the planet had the appearance of a large 
continent somewhat resembling Africa. 

The Dome for the Equatorial has been repabed, so that 
it moves with mudi greater freeAom than fermedy. The 
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buildings and instraments have been and are in good ordev. 
Daring the year^ Mr. Thomas Simons has assisted in the 
evening; and the two young assistants, MgOlurb and 
FoBEMAN, have been engaged in computations, and have 
also assisted in 1^ observations. The janitor has attended 
to the gioond and buildings, and has also kept the meteor- 
ological records, and iraited upon visitors in the evening. 

G. W. HOUGH. 
AiiBAjnr Jmmmy S4, 1866. 



EBPOET FOE 1865. 
To the Beard of Trustees of (he DudHey Obwrvutorg: 

The following brief report will show the nature of the work 
done during the past twelve months, as well as the condition 
of the buildings, instruments, etc, at the beginning of the 
current year. 

The grounds and buildings remain nearly the same as at 
the last report. Some necessary repairs have been put on the 
dwelling-house and observatory as the occasion demanded, 
and we believe they are now both in good condition The 
Equatorial dome, since the changes and repairs of last year, 
has worked much easier and in every way more satisfactorily. 
The foundation does not appear to have been disturbed by the 
constant use of the instrument during the past six years, and 
the balls and frame work are but little worn. 

The driving clock for the Equatorial was repaired and 
slightly changed in some of its parts, and is now found to 
give better results than formerly, still as it is defective in the 
principle of construction, it does not give entire satisfaction. 
As soon as our time will permit, we propose adding an at- 
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tachment which it is believed will regulate the moti0& mcml 
accurately* The parallel wite micrometer has also beea 
repaired and new systems of wires inserted soitaUe for 
observations by the magnetic method. 

The Equatorial has been employed occasionally for eictca 
meridian observations on planets and nebulae ; and when not 
needed for scientific research, it has been used, usually under 
the direction of the Janitor, in exhibiting objects of interest 
to visitors. The annular solar eclipse of the 19th of October 
was observed, but owing to the cloudy state of the weather, 
the results were not of much value* 

The Olcott Meridian Circle has been in constant use in the 
observation of standard stars, zone stars and the small 
planets. It is our purpose, as soon as possible, to complete 
our zone work extending from (K to 2(K south dedmatioa and 
ftom 0^ to 24>> A. B., and prepare it for publication. We have 
now on hand more than 10,000 zone observations which are 
partially reduced, but owing to other pressing duties of the 
past year and our small working force, we have not been able 
to make much advance in their complete reduction. Our 
method of observing zone stars, the details of which I have 
given in former reports, is peculiar to this observatory, and is 
believed to be as expeditious as any method in use. 

The planet Neptune has been observed as on former years 
on all possible occasions, from September 29th to December 
16th. Meridian observations have also been made on six of 
the minor planets* 

In the month of March I concluded to test by aetnal 
experiment an idea long entertained, of causing any moving 
body or medium, to record and print its changes automatic 
cally, by means of electrical agency. The barometw was the 
instrument chosen for this experiment. The problem to be 
solved was this : to cause a machine to follow the motion of 
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the mercurial column, with force BuflBcient to make a legible 
and printed record, withoot deriving this power or force from 
the column itself. This method of electrical contact is entirely 
new, and so tar as we can learn, nothing of the kind has ever 
before been attempted. About the 1st of April, three weeks 
from the perfecting of the idea, a mechanism hastily con- 
structed from a couple of clock movements which we happened 
to have at hand, proved beyond a doubt that the method 
could be made eminently practical in the recording of Mete- 
orological phenomena generally. After being tested for a 
^ few days, the instrument was taken down and the printing 
portion added, since which time it has been in constant use, 
in recording the barometric pressure and printing the hight 
hourly to thousandths of inches. 

The discussion of three months of observations by this 
method gave the tropical hours of diurnal maxima and 
minima in a very satisfactory manner, showing conclusively 
the peculiar fitness of this method for delicate observation. 
These results, together with other matters on the same topic, 
have been published in the January number of ** The Ameri- 
can Journal of Science." 

During a portion of the months of September and October, 
at the solicitation of scientific friends, we placed the appa- 
ratus at the fair of the American Institute, held in New 
York City. It is needless to say that the method commanded 
the attention of meteorologists and scientists generally. On 
its return from New York, it was again mounted in the 
observatory, where it has continued to record and print 
the barometric changes without the failure of a single hour, 
with the exception of one day in November, and one in 
December, when it^ action was interrupted to make some 
experiments with different forms of mechanism. 

It would require too much time and space to speak in 
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detail of the leBalts already attained by tbe nae of tbia 
method; they will, however, be given to tiie publio, a& fast 
as they are confirmed. It is our intention to test thoroughly 
the value of the barometer as a weather indicate. Although 
this instmrnent has been in use more than 200 yeaiSi yet 
but few laws of atmospheric phenomena, as i^ipUed to the 
weather, have been established. We believe this is not so 
much the fault of the instrument as the manner of using it. 
The experience of only a few months has led us to surmise, 
that the fluctuations of the barometrical column have an 
important bearing when taken in connection with the hight 
and general motion. We have accordingly, recently attached 
an additional apparatus for counting and recording all the 
pulsations of the atmosphere, which are of an amount suffix 
cient to cause a change of one-thousandth of an indi in the 
pressure. It is a noticeable fact with us, that previous to, 
and during great storms of wind, the barometer oscillates 
almost continually, and we are led to believe that tbe mag- 
nitude and violence of the storm, will, in a great measure, 
depend on the number of oscillations, as compared with the 
rise or fall of the column. It would, however, be premature 
to attempt to prove this theory firom the few atorms which 
w^ have observed. 

We purpose, as soon as convenient, to apply this method 
to the registration of the velocity and direction of the wind, 
the record of temperature and the fall of rain. 

Donations to the library of books and pamphlets have 
been received from the following institutions and individaals. 

Boyal Observatory, Upsala, Dr. Oustay Svakbbbg and 
Dr. H. ScHULTZ. 

Professors B. PiiAKTAMOub and A* Hibsoh, Geneva and 
Neufchatel. 

Boyal Observatory, Greenwidi, Prof. G. B. Axbt. 
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Dr. 0. BBmOKSB, Badin. 

Prof. JosBPH WiHiiOOK, Sapt. Amer. Naut. Aimanae. 
Boyal Oba^ryatory, Ediaborgh, Pcof. Ghablbb Puzzi 
Smvth. 
Obfleryatory, Bieslaa, Dr. J. G. Qajllb. 
Observatory, Uti-echt, Prof's M. Hojbck and A. 0. Oubb- 

Pro£ £. L. SaeiEZBNy Biga. 

Admiral W. H. Smyth, London. 

Cambridge Observatory, Eng., Bev. Jambs OhaUiIB. 

Observatory, Copenhagen, Prof. H. 0. F. 0. Schjbli^bup. 

Boyal University, Norway, H. Mohk, G. O. Sabs* 

M. PiBRBE Bebqk, Paris. 

Boyal Observatory at Pulkova, Profs O. Strxtvb, A. 

WlNKECKE, W. DOLLEN, CaBL LiKSSEB, H. GYliBEK, A. 

Wagnbb. 

Badcliffe Observatory, Bev. Bobebt Main. 

Hon. Iba Habbis, Washington. 

n. S. Naval Observatory, Bear-Admiral G. H. Davis. 

Harvard College Observatory, Prof. T. H. Sai'FOBD. 

Dr. P. B. Hough, Albany. 

Kicholas-Head Observatory. 

Prof. P. M. Kablinski, Observatory of Cracow. 

Bureau of Navigation, Washington. 

Daring the year, over one thousand persons, citizens and 
strangers, have visited the observatory. About the 1st of 
July last, Mr. Thomas Simons, who has given us a portion 
of his time during the past four years, removed from this 
city. He is deserving of our thanks for the zeal and inter- 
est manifested in the cause of astronomical science. Mr. 
Thos. E. MgClubb still continues as the regular assistant. 
Our effective working force has always been too small to 
accomplish all that we desire, and we have accordingly been 

36 



[801 APPENDIX. 

compelled to limit our work to certain spedaltleSi boping by 
this means to sooner make it available to science. 

The time ball has been dropped every day at noon, at the 
comer of State street and Broadway ; the time signals bemg 
transmitted by passing the electrical cortent through our 
mean time clock, especially arranged for this purpose. The 
Kew York Central Sailroad, as heretofore, has been supplied 
with the correct time through Mr. Benjt. Mabsh, who has 
charge of the time ball. 

The records of the barometer, thermometer, wind and rain, 
have been recorded as in former years, twice every twenty- 
four hours. 

G. W. HOUGH. 

ALBAirr, F^ruary lif, 1866, 
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OBSEEVATIONS OF THE PLANET MAES, MADE AT 
THE DUDLEY OBSERVATORY, 1862. 

The Mais ObservaUons were made with the Olcott Meridian 
Oircle, using the declinometer for the observations on the 
planet itself. During the passage of Mars we placed the 
mierometer thread alternately tangent to the upper and lower 
limbs of the planet, reading from our declinometer scale the 
seconds and fractions ; the limit of error for a single reading 
being about two-tenths of a second. We always made at least 
three bisections of each limb, and sometimes six, the average 
being about four. Immediately before and after the transit 
of the planet, the declinometer scale was compared with the 
circle; the diflference between the two comparisons being 
usually within the limits of reading, and rarely amounting to 
(r.6. In every case we have used the mean of all, corrected 
for the runs of the scale, which have been assumed constant 
throughout the whole series. The comparisons were generally 
made at a point on the scale corresponding to the reading of 
Mars' centre, thereby eliminating the error of runs entirely. 

At the time of these observations the declinometer reading 
telescope was not mounted as firmly as it should have been, 
and to this cause we attribute the greatest source of error. 
It was mounted on a stand connected with the east pier of 
the Olcott Meridian Oircle by means of | inch iron rods 
about 10 inches in length. It was found on pressing with 
some force {e. g.^ 10 lbs.) on this frame, that the position of 
the reading telescope could be changed on the scale T or 3"^ 
and any greater or less amount of pressure oirould change 
the position in a proportionate ratio. 
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It may be proper to remark, that after applying the pressure 
to the reading telescope support and causing it to change the 
scale reading, on removing the pressure it would take up its 
original position, the limit from many trials being (T^. In 
case, however, the support was not disturbed during the time 
of observation, this source of error would not be appreciable* 
We were always particular that this should be the ease, sfill 
it may at times have been aocidentaUy disfcurbed, but we find 
no record of this kind in the Mars series. 

This trouble has since been removed by bolting a solid oak 
block against the surface of the pier, so that any force a per* 
son may apply to it will not change the position of the read- 
ing telescope one-tenth of a second of arc 

On August 25th and 26tfa, I tried the experimeat of observ- 
ing Mars on two wires, after the plan proposed by Dr. Win- 
nbcke; but the inclination between the wires waa so great 
that we at once abandoned this plan, not wishing to disturb 
the diaphragm of wiies by inserting a new one at that time. 
In order to retain uniformity in the series we have not used 
the observations of Mars on those days. The observations of 
the stars made on the fixed wire have» however, been included 
in the determination of mean place, as also those made on 
other days, when the planet was not observed. 

On Oct. 15, the reading telescope having been accidentally 
injured, the observation of Mars was madoi using one micro- 
scope. This observation has also been omitted. 

All the remaining observations, with the exception of 
Oct. 7, have been made in the manner before stated. On 
that day four microscopes were read for each limb of the 
planet, and the observation has been included in the series. 
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JEci^lanation of the printed columns. 

Gohnmi 1 eootains the date. 

Giriamii 2 eonteinB tbe name of the object and the declin- 
ometer scale reading for -Mais. The numbers in parenthesis 
opposite ^* scale " speciiy the number of readings. 

OohBun S oootafais the mean of tbe drcle microscope read* 
iiigB for the oentre of the object observed, corrected for runs 
Bndi flexure* 

Column 4 contains the refracti<ms obtained as explained 
hereafter. 

Oolumn & contains the computed nadirs obtained by com- 
paring the apparent declination of the star on the given date 
-with the final deelinatilon found for the whole series. The 
dafly adopted nadir used for the reduction of the observation 
of stars is given at the bottom of the page, and is assumed to 
have been constant for that day. During the year 1862, and 
prior to that time, we generally observed the nadir point in 
the morning, and adopted the Greenwich plan of combining 
our separate results, using the same nadir for a week, more 
or less, as the observations for nadir might indicate. This 
plan I have since been led to abandon. On examining the 
Mars series, it was found that on many days no nadir had 
been observed. This fitct, together with the instability in our 
declinometer apparatus, of which I have before spoken, led 
me to think that the observations were not worth reducing for 
purposes of parallax. But my nadir Investigations during the 
past year suggested the idea that these observations would 
throw some light on the stability or instability of the nadir 
point, independent of direct nadir observations. Our method 
of reduction was, first, to determine the mean declinations of 
all the stars with the nadir included ; secondly, to apply the 
nadir for those days on which it was observed, and find the 
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mean declinations. The mean of these results gave us an 
approximate standard from which to determine the nadirs on 
all other days. By this mode of reduction— * and under the 
circumstances I know of no better — the absolute declinations 
depend only on the observed nadirs. 

In case the mean declinations of the stars should not be 
jDorrect, the eflfect on Mars declination would be constant 
during the period when the same group of stars was 
observed. When this group was changed, there would be a 
sudden change in the planet^s declination. 

Our Mars observations may be divided into two groups; 
jBbrst, fix>m August 18 to September 24 ; second, fixMa Sep- 
tember 25 to November 1. 

The close agreement between our mean declinations of 
comparison stars and those used by Whotbokb, ^*Bedbaek* 
tungen de$ Mars" would seem to indicate that they are very 
near the truth. 

Although these observations show no very large or sudden 
changes in the nadir point, yet they clearly indicate that a 
nadir determined on one day will not answer for any other. 
We also conclude that the nadir point is liable to change 
during the time of observation. 

The quantity in the parenthesis opposite Mars is a mean 
of all the numbers for the date. That in brackets [3.''54], 
September 4, is marked to show that the observation of 
^ Piscium was apparently bad. It was, however, used in 
finding the nadir for Mars. All the numbers in this column 
are to be increased one minute of arc. 

Oolnmn 6 contains the reduction to mean place taken from 
Winnecke's ' Beobachtungen des ULars^ corrected for (time 
+ long. + 1,072 days.) 

Column 7 contains the seconds of mean declination for 
the comparison stars for 1862.0. 
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Golnmn 8 contains the apparent declination of the centre 
of Mars and the measured diameter a. The diameter is cor- 
rected for thickness of the wire, but not for irradiaUou. 

The adopted nadirs^ barometer and thermometer readings, 
with the respective hours of observation, will be found on a 
separate page. 

Computations of refractions for September 4. 

18K 66m. Sid. T. Oh. 66m. Sid. T. 

Bar, 30.040, = 0.03346 Bar. 30.075, = 0.03396 

Ex. Ther. 68^.0,.. =0.02553 Ex.Ther.69o.7,.. =0.03271 

Log.Oorr.,.. =0.05899 Log.Oorr.,.. =0.06667 

Variation of Log. for Ih., = + 0.00128 

Log. for Oh. Sid. T = 0.06549 

Befraction of S Piscium. 

Log. for Oh. Sid. T., = 0.06549 

A. E- cor. 41 m., = +0.00087 

Log.0h.41m., = 0.06636 

Z.D. = +350 4y, log., = 1.54962 

Eefraction = 4r.30, = 1.61598 

The refractions have been computed by the Greenwich 
tables, which are found in the Appendix of the Observations 
for 1836, as also expanded for great zenith distances in the 
volume of Observations for 1853. Ko attached thermometer 
reading is used with the barometer in these observations, 
since for all zenith distances less than 46^, the neglecting of 
it will never amount to 0^.01. 

The barometer and thermometer are supposed to vary 
uniformly for the interval of time between the two readings; 
and the refractions are computed in proportion to the time. 
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(Jomputaiion of i Piaeium. 

Mean Oiicle Beadtngs, corrected, =+S6°4t9 4^.76 

Nadir, =» — 1 6.30 

+ 35 48 43.46 
Eefiraction, + 41.30 

+ 35 49 24.76 
Latitude, +42 3949.55 

App.Dea, +6 5024.79 

Bedttctron, — 26.71 

Mean Declination, 1862.0, — + 6 49 58.08 

On the sheet of final mean declinations of compadson stars, 
the declination of S Piscium is found to be + 6° 49' 58^.52, 
the difference being 0^.44. Tliis applied to the nadir used 
gives from the observation of this star the corrected nadir : 

r e'.74 

200eti gives,... 7.15 

260eti " 7.42 

SOPisdnm ** [3.54] 

r Piscium " 6.91 

3298 L.L. " 6.84 

i Pisdum « 6M 

(1 6 .30) 

The true nadir given by all the comparison stars, asscudag 
the final declinations to be the standard. This is the 
quantity to be used for the reduction of Mats, assuming all 
the observations to Iwve equal weight. 
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MEAN DECLINATION OF STAES 

COMPABED WITH MABS (1862, 0.) 



DATK. 


261 L.L. 


44Plac 


670 L.L. 


15CetL 


eopiws. 


ST\ae. 




+0O56' 


+1°W 


+405' 


-1016' 


+5059^ 


+604y 


1862. 
Aug. 18 
19 


#f 




ff 


ft 


ft 


ff 

59.64 
58.45 
68.63 
58.23 
69.67 
68.22 












20 






. • • 






21 












24 


• • " 










26 












26 












29 












58.14 
58.31 
58.47 
58.08 
68.21 
67.73 


Sept. 2 
3 






















4 












6 












7 












8 












9 












58.27 
59.83 
59.92 
68.09 
67.72 
67.97 


10 












21 












22 












23 












24 












25 
26 
27 
Oct. 7 
8 
14 
15 
23 


15." 8i 
15.48 

i6.'04 


28.88 
27.96 
29.60 
29.70 
29.36 
29.54 
29.18 
29.74 


46.02 
46.00 
46.06 
45.15 
45.18 
46.06 
45.70 
44.37 
44.12 
45.69 
44.41 
44.48 
45.21 


48.32 
48.66 
46.23 
47.85 
48.59 
48.57 
48.24 


11.86 
11.62 
11.61 


27 








28 








29 








30 








Nov. 1 
















Mean, ... 


16.78 


29.24 


46.10 


48.06 


11.69 


68.62 
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UBAK DEOLDTATION OF BTABS 

OOUPABSD WITH MiU» <18<», Ol) 



DATS. 


aoceu. 


asceti. 


SOPlK. 


»Pl8C. 


IftCkU. 


1862. 

Aug. 18 

19 

20 

21 

24 

26 

26 

29 

Sept 2 

3 

4 

6 

7 

8 

9 

10 

21 

22 

23 

24 

25 

26 

87 

Oct 7 

8 

14 

15 

23 

27 

28 

29 

30 

Nov. 1 


-l^SS" 


+00 87' 


+40 66' 


+2°5ff 


-loiO" 


40.82 
41.06 
40.52 
40.00 

40.29 

40.23 
40.72 
41.79 
40.64 
42.04 

40.21 

40.49 
42.06 
41.53 
40.78 
41.66 
39.88 
41.67 


32.99 


06.47 




^ 






33.74 
33.40 
33.06 
33.20 

32.82 
33.62 
34.27 
32.51 
33.24 
34.73 
34.06 
34.02 
32.42 
33.84 
33.29 
33.40 
34.88 


06.78 










06.64 


' 


... 


06.41 
06.82 
06.80 


















08.72 










06.14 
06.03 
04.59 
06.40 
06.93 










































22.14 
22.93 
23.14 
22.95 
22.32 
23.08 














34.07 


05.33 
06.77 

04.59 


10.87 
10.96 
10.53 
11.46 


- . - 


33.66 
84.61 


41.19 


33.13 
83.77 




















40.94 
41.29 


83.16 
35.^ 




















Mean 


40.94 


33.63 


05.96 


ia96 


22.76 
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•MBAU DECLINATION OP STABS 

OOMPABED WITH UAB8 (1862, 0.) 



DATE. 


aeu L.L. 


fAPiSO. 


yPiso. 


8208 L.L. 


gPiac. 


1862. 

Aug. 18 

19 

20 

21 

24 

25 

26 

29 

Sept. 2 

3 

4 

5 

7 

8 

9 

10 

21 

22 

23 

24 

25 

26 

27 

Oct 7 

8 

14 

15 

23 

27 

28 

29 

30 

Nov. 1 


-10 07' 


+6^26' 


+4° 47' 


+2° 59- 


+2° 30' 


/f 





«p 


tf 


«p 
































- ^ - 


49.37 


15.63 
15.41 
14.81 
13.20 
15.00 
15.32 
14.23 
14.72 
15.10 
14.30 
15.09 
14.85 
13.94 
15.36 
16.19 
14.38 


41.48 

40.74 
42.91 
41.52 
40.82 
41.66 

40.62 
41.94 
41.22 
40.35 
39.67 
41.54 

41.19 


15.20 
16.25 
17.05 
16.38 

15.13 
16.06 
16.48 
17.20 
15.37 
16.32 
16.33 
15.86 
17.14 
17.33 
15.76 


- - - 


50.37 






... 


- - . 


















... 


50.25 


01.76 
03.41 


49.87 
50.85 
50.35 
51.00 
49.46 












































^ ^ 












































































Meau, 


02.68 


50.19 


14.84 


41.20 


16.26 



• Tills table oontaiiu the Indlylduia raralU and mean of the following observatlonB: 
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40.52 
33.40 

• • 


59.67 

40.00 
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5.64 


1 • 
• • 
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41.48 
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25.96 

• • 
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• • 

• • 


24.25 
23.94 
24.14 
24.06 
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I 
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CO 
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QO 
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24.61 


26.46 
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5.66 
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6.39 
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6.91 
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5.58 

5 16 
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14.72 
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42.04 

34.73 
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17.20 


34.05 
6.03 
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(4.96) 


5.46 
4.18 
6.81 




43.99 
47.70 


CO Ci CO c^ 




43.64 
46.41 
47.26 


50.88 
43.77 
46.88 


44.10 
47.03 
47.87 


4t 



g§^ 



fH Oi b* 
OOCDr-( 



"^ oO vjjf 






gF''« 



*^ CO CO 



COQ CD C^ 



^s 



5d cO ^ 






^g?*' 



p5 ^ ^ CO CO CO co CO CO ^ 



coSio*^ 

CO CO CO ^ 



5S 

^ CO 






sii 



if^AH 



a . . 

.SQQ 






b 



^ 
^ 






•2 






MA C^ QO 



a© 

GQ » COM* 



S : 
So 



00 



i 



[M} 



APPENDIX. 



I 



w 



CO 



5IS 

CO 

+ 



s^ 



^s 



C0( 



+ 



-««iiiMavwK 



IS 









I 

o 



Van 

OtM0||8IW»S 






s 
^ 



• • • • • • 

• lift lA »Q b- t* b- • 






'IPVK P^mdnoo 



M5 






• • • • • • 



.10^10 



'■aofp«d(|»s[ 






O 0> 00 
• ^ tr QO 



SSS"^ 



<^ ^ ^ JO ' 






• • • 

^*j< ^^ ^'5' 



o> o :o 
« ... 

o safes 

^V CQ CO 



SSSS 



S^^S 



CO Ci ^ t** 



SS®^ ^"g5§ SS-S 

W CO CO ^ 



vD CO CO "^ 



CO ^ CO CO 



:S5 



:•! 



I 



A^S "S 



e 



ii^ 



gSi 






3^ I 



CO VMI *o C^ 



^s;^ 



•i2 • 

-i - 

QQ >. CO wa 



g 






APPENDIX. 



C95] 



I 









'^OO 

t>lco 



+ 




+ 




CI 

+ 


69.92 

40.49 

33.84 
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AFFWSfTSX. 



UOl] 



Z>ATK 


Time. 


Bar. 


Ther. 


Adopted 
Nadir. 


1862. 


H. US. 


in. 


o 


* «f 


Angast 21.. 


1 30 


29.956 


64.2 


1 4.38 


24.. 


18 10 


30.237 


62.0 


1 6.34 




1 30 


30.179 


52.0 




29.. 


18 30 


29.922 


62.0 


1 6.62 




1 60 


30.087 


48.4 




September 2.. 


50 


29.888 


42.1 


1 6.23 




1 50 


29.892 


41.6 




8.. 


23 50 


30.098 


49.9 


1 5.80 




1 55 


30.105 


48.8 




4.. 


18 55 


30.040 


68.0 


1 6.30 




55 


30.075 


59.7 




5.. 


23 50 


29.961 


65.1 


1 6.38 




1 50 


29.953 


63.9 




7.. 


25 


29.902 


69.4 


1 5.38 




2 00 


29.902 


67.6 




«.. 


19 05 


29.843 


77.0 


1 4.92 




1 50 


29.981 


62.4 




9.. 


19 15 


30.158 


65.0 


1 6.96 




1 55 


80.197 


56.8 




10.. 


19 20 


3a 197 


69.0 


1 6.53 




1 50 


30. 174 


60.8 




21.. 


23 50 


30.189 


52.6 


1 6. 76 




1 30 


30.189 


49.9 




22.. 


23 60 


30.134 


56.6 


1 7.42 




1 30 


30.134 


56.9 




23.. 


20 10 


29.922 


67.0 


1 7.80 




1 30 


29.853 


69.7 




24.. 


50 


29.961 


46.1 


1 7.44 




1 10 


29.961 


45.6 




25.. 


30 


29.994 


48.7 


1 8.56 




1 30 


29.993 


48.6 




26.. 


30 


29.998 


50.6 


1 8.05 




1 10 


29.998 


48.9 




27.. 


23 40 


30.002 


57.6 


1 7.86 




1 25 


30.006 


57.2 




October 7. . 


21 05 


29.764 


71.0 


1 7.62 




40 


29.780 


66.5 




8.. 


21 10 


29.764 


76.0 


1 6.48 




15 


29.766 


73.0 





i 



[108] 



AFPEKDIX. 



DATE. 


Time. 


Bar. 


Ther. 


Adopted 


1862. 


H. M. 


in. 


o 


/ f9 


October 14.. 


28 


29.880 


50.1 


1 7.07 




1 20 


29.880 


50.1 




23.. 


15 


30.203 


32.8 


1 10.35 




1 00 


30.203 


31.6 




27.. 


22 20 


29.607 


36.0 


1 9.98 




020 


29.742 


35.4 




28.. 


22 27 


30.040 


40.0 


1 9.70 




40 


30.020 


39.0 




30.. 


22 35 


29.922 


48.0 


1 9.26 




30 


29.895 


47.8 




Nov^nber 1.. 


23 50 


29.837 


53.6 


1 10.60 




1 00 


29.835 


52.5 





The flexure correction used is + 1''.34, for Dec. + 0°. 

The runs of the microscopes have been assumed as con- 
stant during the whole period of observation. The following 
observed values will show that in considering the runs con- 
stant we do not introduce a greater error than would result 
from using a single determination: 



BUNS POE KKT. 





8ept.28d, 
Temp. 6(r. 


Oct 7th, 
Temp. W. 


Oct 80th, 
Temp. 60". 


Oct.Sl8t 
Temp. 60*. 


Mic. B, 

F 

G,.... 
M| .... 

Mean 


+ 0.80 
— 0.58 
+ 1.87 
+ 0.30 
+ 0.60 


/f 
+ 1.00 
— 0.20 

+ 1.87 
+ 0.41 
+ 0.77 


+ 0.62 
— 0.20 
+ 1.83 
+ 0.58 
+ 0.68 


+ 0.66 
— 0.20 
+ 1.80 
+ 0.62 
+ 0.69 



The rans computed separately for each microscope ace as 
follows: 100", Mic. B, +0'.80; P, —0^.28; G, +r.80; 
H, + (rJSi ; Mean, + VM. 



APPENDIX. [108] 

In a few cases the barometer and thermometer were read 
only once, and near the middle of the observations for the 
night. In such cases, the observations made at 8 p. m., h« 
T., have also been used to determine the changes. It is not 
possible for an error of more than (r.05 to arise from this 
cause. 



F. 

OBSBBVATIONS OF THE PLANET NEPTUNB, MADE WITH THE 
OLCOXT MERIDIAN CIBCLB, 1861. 



DATE. 


M. T. Dudley Ob- 
servatory. 


App. A. B. 


App. Decl. 


1861. 


h m $ 


h m a 


O ' " 


Sept. 


24 


11 46 54. 61 


■ • ■ • 


-1 13 44. 76 




25 


11 42 52. 65 


2 45. 70 


1 14 25. 34 




28 


11 30 46. 79 


2 27. 51 


1 16 25. 03 


Oct. 


3 


11 10 3f . 29 


1 57.46 


1 19 41. 17 




8 


10 50 28. 42 


1 28.05 


1 22 51. 17 




9 


10 46 26. 66 


1 22.18 


• • • ■ 




14 


10 26 18. 78 


53. 76 


1 26 29.20 




28 


9 30 4.42 


23 59 41. 92 


1 33 59. 68 




29 


9 26 3.94 


23 59 37. 34 


1 34 27. 89 


Nov. 


18 


8 6 12.93 


23 68 24. 31 


1 41 45. 60 




19 


8 2 14.52 


23 58 21. 81 


1 42 00. 50 




22 


7 50 19. 74 


23 58 14. 74 


1 42 38. 27 




25 


7 38 25.94 


23 58 8. 67 


1 43 10. 80 




26 


7 34 28. 37 


23 58 7.00 


1 43 20. 93 




30 


7 18 38.92 


23 58 1. 18 


1 43 46. 47 


Deo. 


2 


7 10 44. 88 


23 57 58. 96 


1 43 66. 49 




3 


7 6 48. 04 


23 57 58. 02 


1 43 58. 16 




14 


6 23 31. 28 


23 57 56. 39 


1 43 42. 84 




17 


6 11 45. 83 


23 57 58. 59 


1 43 20. 11 




18 


6 7 50.91 


23 57 59. 59 


1 43 11. 63 




21 


5 56 6.92 


23 58 3. 34 


1 42 37. 10 




24 


5 44 24.05 


23 68 8. 21 


1 41 69. 02 




30 


5 21 1.61 


23 58 21.28 


-1 40 17.91 



39 
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OBSERVATIONS OP THE PLA17ET NEPTUNE. 





AuaaacATK SnaMMMM, 






AjmuOAX 3 


Brmoni. 


DATBL 






SATX. 






Gorr. A.R. 


Corr.K.P.D. 


OOIT.A.IL 


OoR.N.P.S. 


1861. 


S 


ff 


1861. 


8 


' /r 


Sept. 24 


. , 


+10.41 


Nov. 


25 


1.59 


10.44 


26 


-1.63 


11.09 




26 


1.60 


11.67 


28 


1.60 


11.68 




30 


1.48 


9.11 


Oct. 3 


1.56 


12.23 


Dec. 


2 


1.61 


10.00 


8 


1.60 


11.97 




3 


1.54 


8.36 


9 


1.67 


, 




14 


1.49 


11.14 


14 


1.63 


11.40 




17 


1.50 


10.93 


28 


1.56 


9.94 




18 


1.49 


11.53 


29 


1.53 


9.64 




21 


1.48 


9.30 


Nov. 18 


1.53 


10.40 




24 


1.47 


10.80 


19 


1.47 


10.80 




30 


—1.51 


+10.83 


22 


1.62 


9.73 











MEAN OOBBBGTIOK TO AMEBIOAH BPHEHBBIB. 



A.B. 



N. P. D. 



September and October, 

November, 

December, , 

MEAN DAY. 

November 17th, , 



8 

— 1.57 

— 1.52 
-1.50 



-1.629 



+ 11.04 
+ 10. 17 
+ 10.36 



+ 10. 52 



Variation of A. B. for 100 days, = 0. '109. Mean error 
of one observation, A. R., = ± 0.*029. Decl. = ± 0^.80. 

The transits on October 28th, November 19th, and Decem- 
ber 2d, were observed on 9, 10 and 7 wires, respectively. In 
all the other observations 15 wires were used, and the times 
of transit recorded on the chronograph. Any change in the 
rate of the clock (during the time of observation) was satis- 
£EU5torily determined by comparison with two other clocks, by 
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causing their peudolams to make records on the chronograph 
at intervals of 30 minutes* 

In converting the chronographic records into time, every 
wire was measured to the hundredth of a second. And in 
the ''mean," and all subsequent reductions, the thousandths 
were retained ; being rejected in the final results only. 



0]ftSBBTATI01!r8 OF TITR PI.AKET KBFTDNB, 1862. 


SATBL 


M.T.I>ndl«3rOI)rar- 
Tatoiy. 


AwwA-B. 


AnkSecL 


1862. 


h m s 


h m $ 


O ' "' 


Aug. 


21 


14 13 12. 8 


14 33. 93 


+ 13. 26 




24 


14 1 10. 7 


• • « • 


— 2 27. 18 




26 


13 53 8. 8 


14 9. 39 


2 34.57 




29 


13 41 5. 7 


13 64.00 


4 21.97 


Sept. 


2 


13 26 0. 7 


13 32. 64 


6 48.04 




3 


13 20 59.4 


13 27. 11 


7 27. 39 




4 


13 16 58. 


• •. • • 


8 04.73 




6 


13 12 56. 5 


• • ■ • 


8 41.63 




7 


13 4 53. 4 


13 4.72 


9 58.21 




9 


12 66 50.0 


12 53. 13 


11 15.60 




10 


12 52 48.4 


12 47. 37 


11 62.38 




21 


12 8 27. 9 


11 41.64 


19 10.66 




22 


12 4 26. 


11 35.65 


19 63. 24 




23 


12 23. 8 


• • • • 


20 32. 45 




24 


11 56 22. 1 


• • - • 


21 13.68 




25 


11 52 20. 


11 17.38 


21 52. 74 




26 


11 48 18. 1 


11 11. 37 


22 32.47 




27 


11 44 16. 1 


11 6.23 


23 13. 76 


Oct. 


7 


11 3 56. 9 


10 4.89 


29 46. 56 




8 


10 59 55. 1 


9 69. 01 


30 22.96 




14 


10 35 46.0 


9 24.23 


• • • • 




15 


10 31 43.2 


9 18.40 


34 42. 58 




20 


10 11 36. 6 


■ • • 


37 35.79 




23 


9 69 32. 8 


8 36.15 


39 16. 67 




27 


9 43 29. 1 


8 14.95 


41 22.86 




28 


9 39 28. 3 


8 10. 03 


41 53. 33 




29 


9 35 27. 5 


8 6.14 


42 24. 26 




30 


9 31 26.9 


8 0.46 


42 64. 11 




31 


9 27 26. 4 


7 65.90 


43 21.66 


Nov. 


1 


9 23 25. 9 


7 61.24 


43 47. 74 




14 


8 31 27.9 


6 69. 89 


48 56. 94 



[106] 



APPENDIX. 
VJmUSa OBSBBVATIOKS. 



DATK. 


ICT.DodlejrObMr^ 
vatory. 


APP.A.B. 


App.DecL 


1862. 


km 9 


hm s 


O ' '' 


Nov. 15 


8 27 28. 7 


6 56. 67 


— 49 15.36 


Dec 10 


6 48 26. 2 


6 11. 76 


53 07. 39 


11 


6 44 30.0 


6 11.47 


53 6.80 


12 


6 40 34.0 


6 11. 42 


63 0.91 


17 


6 20 S5. 9 


6 12.84 


62 39.96 


19 


6 13 6.5 


6 14. 32 


52 23. 37 


1863. 








Jan. 6 


5 6 47. 9 


6 47.26 


48 2.86 



OB8KBVATION8 


OF THE . 


PTiAWET NEPTUNE, 1862. 






crKBcun. 




AKBBICAlr : 


■nanm. 


DATE. 






DATS. 






Oorr.A.R. 


Corf. H. P. D. 


Cerr.A.R. 


Oorr. N. P. D 


1862. 


8 


ff 


1862. 


a 


w 


Aug. 21 


-1.84 


+ 13.5 


Oct. 14 


— 1.84 


+ . . 


24 


. 


13.6 


15 


2.01 


14.4 


26 


1.99 


12.0 


20 


, , 


13.2 


29 


1.95 


13.1 


28 


1.84 


14.2 


Sept. 2 


1.99 


12.8 


27 


1.79 


13.7 


3 


1.92 


14.7 


28 


1.83 


13.8 


4 


■> • 


14.4 


29 


1.90 


14.9 


5 


• > 


13.4 


30 


1.86 


15.5 


7 


1.86 


13.6 


31 


1.75 


14.3 


9 


1.97 


13.6 


Nov. 1 


1.83 


12.3 


10 


1.93 


11.3 


14 


1.78 


11.7 


21 


1.98 


12.2 


15 


1.72 


11.0 


22 


1.90 


14.8 


Dec. 10 


1.70 


14.0 


23 


• • 


13.7 


11 


1.76 


13.7 


24 


• • 


14.9 


12 


1.71 


11.0 


26 


1.89 


14.0 


17 


1.73 


13.4 


26 


1.80 


13.7 


19 


1.72 


12.0 


27 


1.84 


15.0 


1863. 






Oct. 7 


1.88 


14.8 


Jan. 5 


1.74 


12.3 


8 


1.86 


13.9 
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MBAK COBBBOnON TO AMXSELOAS BPHBMEBI6. 



A.B. 



N. P. D. 



August,... 
September, 
October, .. 
November, 
December, 



1.93 
1.91 
1.85 
1.78 
1.72 



+ 13.1 
+ 13.7 
+ 14.3 
+ 11.7 
+ 12.8 



Variation of A. E. for 100 days = 0'.20 Probable error 
of ona observation, A. E, ^ dr 0'.04, Decl. = ± 0^.90. 

For the A. E. 15 wires have been observed ; the times of 
transit being recorded by the chroaographic method. 

The observations for Declination, with few exceptions, 
were made with the Declinometer, attached to the support- 
ing axis of the Meridian-Oirole. Owing to the instability in 
this apparatus, the results are not as good as we were led 
to expect. However, the work is at least equal to our ordi- 
nary Circle observations. 



OBSERVATIONS OF THF- PLANET NEPTUNE, j 


1863 AND 1864. 


DATE. 


M. T. Dudley Ob- 
servatory. 


App. A. B. 


App. Decl. 


1863. 


h m 8 


h tn 8 


O ' * 


Sept 


7 


13 14 20.0 


21 35.43 


+0 42 32. 71 




9 


13 6 16.9 


21 24. 11 


• • • • 




16 


12 42 6. 7 


20 49. 32 


37 23.92 




16 


12 38 5. 


20 43.48 


36 43. 42 




23 


12 9 51.5 


20 1.25 


32 4.82 




27 


11 63 43. 7 


19 86.98 


29 26. 21 




28 


11 49 41. 7 


19 30.83 


28 43. 58 




29 


11 45 39. 7 


19 24.71 


28 4.31 




30 


11 41 37.8 


19 18. 72 


27 24.43 


Oct. 


14 


10 45 11. 5 


17 54.86 


18 22. 63 




15 


10 41 9. 7 


17 49.03 


17 47. 36 




17 


10 33 6.8 


17 37. 88 


16 33.04 
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OBSEBVATiaSS OV THK PIiAJTET VMPtXmE. 



DATE. 


M..T. Dudley Ob- 
servatory. 


App. A. R. 


App. Ded. 


1863. 


h m t 


h m 8 


O ♦ " 


Oct 


19 


10 25 3. 5 


-f 17 26. 37 


+ 15 23. 76 




20 


10 21 2. 2 


17 20. 96 


14 46. 49 




21 


10 17 0.8 


17 15.41 


14 14. 47 




22 


10 12 69.4 


17 9.90 


13 38. 70 




29 


9 44 51. 8 


16 33. 62 


9 61.36 


Nov. 


4 


9 20 48. 1 


16 6.27 


6 67. 14 




19 


8 20 52. 4 


15 8.02 


+ 1 16. 71 




26 


7 63 2. 3 


14 49. 28 


. . . . 




27 


7 49 4.2 


14 47.07 


—0 39. 10 




30 


7 37 10. 6 


14 41. 15 


1 10.90 


Dec 


4 


7 21 20. 5 


14 34. 70 


1 41.13 




7 


7 9 29.4 


14 31. 31 


1 55.28 




8 


7 6 32.6 


14 30.33 


1 59.46 




10 


6 67 39. 3 


14 28. 95 


2 2.12 




23 


6 6 35.4 


14 31. 94 


— 1 5.21 


Jan. 


2 


6 27 33.0 


14 48. 74 


+ 1 14.40 


1864. 








Sept 


19 


12 31 25. 6 


28 61.63 


+ 1 26 35. 53 




20 


12 3 12.0 


28 9.29 


21 59.00 




27 


11 69 10. 1 


28 3.25 


21 19.90 




30 


11 47 3. 9 


27 44. 76 


19 19. 14 


Oct 


4 


11 30 56. 1 


27 20. 49 


16 42.34 




11 


11 2 42. 6 


26 38. 29 


12 9.90 




22 


10 18 24. 6 


25 35.00 


5 30.69 




24 


10 10 21. 9 


25 24. 12 


4 22.85 




25 


10 6 20. 6 


25 18. 71 


3 49.63 


Nov. 


1 


9 38 13. 6 


24 42.96 


7.32 




2 


9 34 12. 9 


24 38.16 


+ 59 38. 18 




14 


8 46 10. 7 


23 46.79 


54 29.07 




25 


8 2 20. 8 


23 11. 81 


61 10.23 




30 


7 42 30.0 


23 0.47 


60 9.07 


De& 


1 


7 38 32.2 


22 58. 66 


49 58.35 




8 


7 10 50. 6 


22 48.35 


49 14. 18 




14 


6 47 11. 2 


22 44.38 


49 4.12 




20 


6 23 36.3 


22 44.94 


+ 49 27. 11 
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OBSBBVAZIONS OF THB PLANBT KEFTUSB. 



DATE. 



AMEBICAN EPHEHE9IS. 



A a 



A N. P. D. Obe, 



1863. 

September 7. 
9. 

15. 

16. 

23. 

27. 

28. 

29. 

30. 
October 14. 

15. 

17. 

19. 

20. 

21. 

22. 

29. 
ISTovember 4. 

19. 

26. 

27. 

30. 

December 4. 

7. 

8. 

10. 

23. 

January 2. 

1864. 

September 19. 

20. 

27. 

30. 
'October 4. 

11. 

22. 

24. 

25. 



8 

-.2..28 
2.31 
5.25 
2.16 
2.30 
2.21 
2.26 
.2.28 
2.17 
2.24 
2.27 
2.00 
2.27 
2.13 
2.18 
2.26 
2.18 
2.12 
2.13 
2.10 
2.08 
2.00 
2.12 
2.03 
2.09 
2.07 
2.01 
2.06 

2.53 
2.61 
2.45 
2.60 
2.43 
2.39 
2.43 
2.42 
-2.47 



+ 14.6 

is. 7 

14.7 
14.4 
13.1 
15.8 
15.2 
15.2 
16.4 
14.9 
16.6 
14.7 
16.9 
14.3 
15.9 
15.9 
16.1 
16.2 

14.4 
15.0 
14.9 
14.8 
15.9 
14.8 
14.6 
13.8 

19.7 
17.6 
17.8 
18.0 
16.5 
17.4 
16.4 
16.9 
+ 15.7 



H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

Mc 

H 

H 

H 

Mc 

Mc 

H 

Mo 

Mo 

S 

Mc 

Mc 

H 

H 

H 

Mc 

H 

H 

H 
H 
H 
H 
H 
H 
H 
H 
H 
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OBSBBTAtlONS OF THE PliAlTET J[EPTVV%. 



DATE. 


AMEBICAK EPHEMERIS. 


A a 


A N. P. D. 


ObB. 


1864. 
November 1 


» 

— 2.60 
2.48 
2.44 
2.48 
2.37 
2.34 
2.32 
2.36 

— 2.41 


+ 16.T 
16.4 
16.5 
15.7 
16.1 
17.1 
16.2 
17.6 

+ 16.2 


Mo 

H 

H 

H 

H 

H 

H 

Mc 

H 


2 


14 


25 


30 


Ddoeoiber 1.... 


8 


14 


20 





The letters in the column <'0b^/' are the initials of 
Simons, MoClube and Hough. 

These observations have been made by the chronographic 
method, 15 wires being employed for A. B., with the excep- 
tion of 1864, Dec. 14, when only 5 wires were used. The 
declinations are corrected for parallax. 

The A. B. for both years depends essentially on the stars 
« Piscium and 7 Pegasi ; the adopted corrections to the 
English Nautical Almanac being, respectively + 0*.01 and 
+ 0'.04. 
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These observations are all corrected for parallax. For (79) 
the parallax has been compated from the Ephemeris given in 
the Astronomische Nachrichten, No. 1442. The 5th and 6th 
colnmns show the apparent error of the Ephemeris. The 
comparisons are approximate and only serve to identify the 
object observed as the Asteroid, and enable us to judge of 
the value of individual observations. The 7th column shows 
the number of wires employed. The 8th column is tie 
initial of the observer's name, " Mc" standing for MoOlubl, 
and "H" for Hough. 

In all cases the chronographic method has been employed. 

The following data will enable us to reduce approximately 
the A. B. to the same zero for all the years : 

For 1861, the A. B. depends essentially on the position of 
the star 12 Oeti, as given in the English Nautical Almanac 
without correction. 

For 1862, the mean correction applied to the Nautical 
Almanac, for the stars used, was + O^M. 

For 1863, (1) depends essentialy on « Lyrae with the cor- 
rection + 0*.08 ; (2) depends on p Lyrae + 0*.ll ; (5) depends 
on « Hydrae +0»-07, and « Leonis + 0*.04; (20) and (21) 
depend on ^ Pegaai + 0'.08 ; (51), (64), (66) and (79) depend 
on w Piscium + 0*.01. 

For 1864, the following table will show the comparison 
stars used on each day of observation, together with the 
adopted corrections: 



JTR^DiK 



fjin 



i 

OATE. 


Number of Star. 


DATE. 


Number of Star. 


, Jane 26 


e,f. 


Sept 1 


a,e. 


.Taly 6 


«,«,*. 


7 


d, e, g,i,f,h,n^n. 


8 


ho,d,e. 


8 


c,d,e,f. 


12 


a,d,e. 


10 


c, d, e. 


! 13 


a, i. 


16 


«. 


29 


i, e,i. 


17 


f,9,i,j,hm,n. 


L 30 


^f- 


19 


f, 0, r, t, u. 


W. 7 


i,e. 


24 


0. 


16 


h *, «. /• g, h. 


26 


n,p,q,r,t,u. 


23 


a,d,e,p. 


27 


n, 0, $, t, «. 


30 


h, d, e, f. 


Oct 4 


n, 0, {, t, u. 



No. 


NAXB 07 STAB. 


toKoslMi 
NaoUAL 


No. 


SAME OF STAB. 


Haat.AL 






$. 






<. 


a 


(kSagittaiii, .. 


+ 0.09 


I 


• Oygni 


+ 0.07 


h 


« Lyrae, 


+ 0.08 


m 


32 Yolpecolae, 


+ 0.06 


e 


P Lyrae, 


+ 0.11 


n 


f Oygni, 


+ 0.09 


d 


w Aquilae, . . . 


+ 0.05 





jS Aqaarii, ... 


+ 0.08 


e 


S Aqailae, 


+ 0.06 


P 


« Pegasi, 


+ 0.04 


f 


%*Sagittarii,.. 


+ 0.17 


9 


•Pegaai 


+ 0.06 


9 


7 Aqailae, 


+ 0.08 


r 


w Pisciam, . . . 


+ 0.01 


h 


"Aqailae, 


+ 0.09 


$ 


« Andromedae 


+ 0.04 


i 


fi Aqailae, . . . 


+ 0.09 


t 


7 Pegasi, 


+ 0.04 


J 


«* Oaprioomi,. 


+ 0.10 


u 


12 0eti, 


+ 0.01 


k 


p Gapricomi, . 


+ 0.16 









August 27, 1864. On aooount of clouds no comparison 
stars could be observed with the Oloott Meridian Oircle* 
The clock error for that day has been obtained from the 
observations made with the transit Sept 19th and 20th a 
short zone was observed with the declinometer and charting 
machine, for the purpose of finding (43). The positions 
determined by these observations have been included. 
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OBSEBYATIOirS OF OOMET U, 1861, HABB WITH THE BQUA- 

TOBIAL. 



Aug. 3. Oomp. *t 4961 Bamker. 3 Oomp. 

10. " 16266, 16309 Aig. 6 « 

14. " 16272, 16290 Arg. 7 « { _^ 

16. " 16290 Afg. 6 " {^Xt 

OBSBBTATIOKS OF OOMET H, 1862, MADE WITH THE OLCOTT 
SfEBEDIAK CIBCLE. 

The foUowii]^ observationa have all been made in the 
meridian> with the exception of July 18, when the comet was 
obaerved with the wire micrometer of the equatoriaL 

Star of eompariaon 10.6 mag. 

Oomet A « = — 6'.45, A * = + 66".28k 

18 eomp* for A. B. and 10 comp. for Ded. 

The place of the star was determined by three transita at 
the lower eolminatioD, observed with the Oleott Meridian 
Circle. 



♦ 10.6. 


App.A.R. 


App. BecL 


1862. 
Jnlyl8 ,.,,. 


h m 8 
6 24 4.03 


+ 67 44 la 13 





The observations for A* B. axe tihe mean of 15 wires, 
observed by the magnetic method. 

The declinations for July 26, 26, Ang. 3, 4, 10 and 18, have 
been observed in the usnal way, nsing eight microscopes. 



DATE. 


M. T. of Olw. 


App. A. B. 


App. DmL 


> 


1861. 

Aagast 3 

10 

14 

16 


h m s 
10 30 17. 56 

10 64 36. 16 

11 47. 20 
9 67 45.91 


km * 
16. 2 47.41 
16 10 38. 48 

15 14 65. 95 

16 16 67.44 


+ 47 39 14. 87 
+ 46 34 20. il 



H, lK>dt-«illg16 f ^WSJ^-^m^ 

rednetion to tbe meridlMK; flftb,"i^. 

B. m^ redoction for Oomet^s motion ; bv. 

ledaoed to the meridian. 

The mean of the seventh oolnmn ghres the 
reading for the positioii of the Oomet if observe^ 
middle wire. 





s. 


Soal^ « 


& 




Rm. 


tor Comet's 




m. «• 


/ «f 


^ 


p 


jtf 
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— 6 48 


22 16.25 


— 9.M 


22 6.31 


— 6.80 


; 21 59.59 


2 


— 5 22 


14.00 


— 7.95 


6.05 


— 5.87 


. 60.68 


2 


— 4 85 


12.50 


— 6.80 


6,7rf 


— 4.59 


62.11 


2 


— a 22 


8.50 


— 8.13 


5.87 


— 8.87 


62.00 


2 


— 2 82 


6.75 


— 1.77 


4.98 


— 2.60 


62.48 


2 


— 2 01 


5.00 


— 1.12 


8.88 


— 2.01 


61.87 


2 


— 1 22 


4.50 


— 0.51 


4.00 


— 1.88 


62.67 


2 


— 55 


8.00 


— 0.25 


2.75 


— 0.91 


61.84 


1 


— 20 


8.00 


— 0.03 


2.97 


— 0.88 


62.64 


1 


— 00 


2.00 


— 0.00 


2.00 


— 0.00 


62.00 


1 


+ 20 


2.00 


— 0.03 


1.97 


+ 0.88 


62.80 


2 


+ 1 06 


1.60 


— 0.82 


1.18 


+ 1.08 


62.26 


2 


•+1 22 


1.75 


— 0.51 


1.24 


+ 1.88 


62.57 


2 


+ 1 68 


1.00 


-1.05 


21 59.95 


+ 1.97 


61.92 


2 


+ 2 88 


2.50 


— 1.91 


60.59 


+ 2.68 


68.22 


2 


+ 3 21 


0.20 


— 8.09 


57.11 


+ 8.85 


60.46 


2 


+ 3 67 


2.76 


— 4.80- 


58.45 


+ 8.95 


62.40 


2 


+ 4 86 


2.00 
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56.20 
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